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MFTHOD OF SYNTHESI TTNf; DTVERSE rDT T.FrnONS OF OLIGOMERS 

FIELD OF THE INVENTION 
The present invention relates generally to stochastic methods for 
synthesizing random oUgomers, with particular emphasis on partide-based synthesis 
methods. The invention also relates to the use of identification tags on the particles 
to facilitate identification of the oUgomer sequence synthesized. Yet another aspect of 
the invention relates to the use of tagged oligomer libraries in receptor-binding 
studies. 



BACKGROUND OF THE INVENTION 
The relationship between structiue and activity of molecules is a 
fundamental issue in the study of biological systems. Structure-activity relationships 
are important in understanding, for example, the function of enzymes, the ways in 

1 5 which ceUs communicate with each other, and ceUular control and feedback systems. 

Certain maaomolecules are known to interact and bind to other molecules having a 
very specific three-dimensional spatial and electironic distribution. Any large 
molecule having such specificity can be considered a receptor, whether the molecule 
is an enzyme catalyzing hydrolysis of a metaboUc intermediate, a cell-surface protein 

2 0 mediating membrane transport of ions, a glycoprotein serving to identify a particular 

ceU to its neighbors, an IgG-dass antibody circulating in the plasma, an 
oligonucleotide sequence of DNA in the genome, or the like. The various molecules 
that receptors selectively bind are known as ligands. 

Many assays are available for measuring the binding affinity of known 

2 5 receptors and Ugands, but the information tiiat can be gained from such experiments 

is often limited by tiie number and type of available ligands. Novel ligands are 
sometimes discovered by chance or by application of new techniques for the 
elucidation of molecular structure, including x-ray crystallographic analysis and 
recombinant genetic techniques for proteins. 

3 0 Small peptides are an exemplary system for exploring tite relationship 

between stnirture and function in biology. A peptide is a polymer composed of 
amino add monomers. When the twenty naturally occurring amino acids are 
condensed into polymeric molecules, the resulting polymers form a wide variety of 
three-dimensional configurations, each resulting from a particular amino add .. 
3 5 sequence and solvent condition. The number of possible pentapeptides of the 20 
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naturally occurring anuno adds, for example, is 205 or 3.2 nulhon di^eut peptd^^ 
likihood that molecules of this size might be useful ir. receptor-bmdmg studies 
is supportedby epitope analysis studies showing that some antibocHes recogmze 
sequSces as short as a few amino adds witti high spedfidty. Furthermore, the 
5 a^Tage molecular weight of amino adds puts small peptides in the size range of 
^any currently useful pharmaceutical products. Of course, larger peptides may be 
.ecJsary for many purposes, and polypeptides having changes in only -"^ 
numb Jof residues may also be useful for sud. purposes as Ae analysis of structure- 

activity relationships. v 

1 0 Pharmaceutical drug discovery is one type of researdi that rehes on 

studies of structur«ctivity relationships. In most cases, contemporary 
pharmaceutical researdi canbe described as the process of discovenng novd hg^ds 
with desirable patterns of spedfidty for biologically important receptors. Another 
example is researdv to discover new compounds for use in agriculture, sudt as 

15 pestiddes and herbiddes. 

Prior methods of preparing large numbers of different ohgomers have 

been painstaidngly slow when used at a scale suffident to P^^^^^*;'^^"*^^' 

random screening For example, the -^errifield" method (M^^d, 

Soc 85-2149-2154 (1963), whidiis incorporated herein by reference) has been used 

2 0 ^y^tiiesize peptides on a solid support. In the Merrifield method, an ammo aad is 

covLdybondedtoasupportmadeofaninsolublepolymer. Another an^o aad 
with an 4ha protected group is reacted with the covalendy bonded ammo aad to 
form a dipeptide. The protective group is removed, and a third ammo aad wi& an 
alphaprotedivegroupisaddedtothedipepdde. '^^'^J'—^^^ 
25 peptide of a desired length and sequence is obtained. Using the Mernfidd method, 
one cannot economically and practically synfcesize more than a few peptide 

sequences in a day. 

To synthesize larger numbers of oligomer sequences, others have 
proposed the use of a series of reaction vessels for oUgomer synthesis. For ecample, a 

3 0 nibular reactor system may be used to synthesize a linear oUgomer on a sohd phase 

support by automated sequential addition of reagents. Ihis method still does not 
en^le the synthesis of a suffidenUy large number of oUgomer sequences for effective 

economical screening. 

Methods of preparing a plurality of oUgomer sequences are also known 
3 5 in whidv a foraminous container endoses a known quantity of reacdve sohd 
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supports, the soUd supports being larger in size than openings of the container. See 
U.S. Patent No. 4^31^11, incorporated herein by reference. The containers may be 
selectively reacted with desired materials to synthesize desired sequences of product • 
molecules. As with other methods known in the art, this method cannot practically 

5 be used to synthesize a sufficient variety of polypeptides for effective screening. 

Other techniques have also been described. One bead-based method is 
described in PCT patent pubUcation No. 92/00091, incorporated herein by reference. 
These methods include the synthesis of peptides on 96 plastic pins that fit the format 
of standard microtiter plates. See PCT patent publications 84/03564; 86/00991; and 

10 86/06487, each of which is incorporated herein by reference. Unfortunately, while 
these techniques have been somewhat useful, substantial problems remain. For 
example, these methods continue to be limited in the diversity of sequences which 
can be economically synthesized and saeened. 

Others have developed recombinant methods for preparing collections 

1 5 of oligomers. See PCT patent pubUcation Nos. 91/17271 and 91/19818, each of which is 

incorporated herein by reference. In another important development, scientists 
combined the techniques of photolithography, chemistry, and biology to create large 
coUections of oUgomers and other compounds on the surface of a substiate. See U.S. 
Patent No. 5,143,854 and PCT patent pubUcation Nos. 90/15070 and 92/10092. each of 

2 0 which is incorporated herin by reference. 

In the recombinant and VLSIPS™ combinatorial methods, one can 
uniquely identify each oligomer in the Ubrary by determining the coding sequences in 
the recombinant organism or phage or by the location of tiie oUgomer on the 
VLSIPS™ chip. In other methods, however, the identity of a particular oUgomer may 
25 be difficult to ascertain. What is needed m tiiese latta: metivods is an efficient and 

sunpleto-use method for tagging each particle Altiiough tagging metiiods have been 
developed for large objects, see PCT patent pubUcation Nos. 90/14441 and 87/06383, 
each of which is incorporated herein by reference, such metiiods are stiU needed for 
combinatorial libraries of oligomers. 

3 0 From the above, one can recognize tiiat improved methods and 

apparatus for syntivesizing a diverse coUection of chemical sequences would be 
beneficial. 



35 



SUMMARY OF THE INVENTION 
The present invention provides a general stochastic method for 
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synthesizins Ubraries of random oUgomers. The random oUgomers are synthesized 
onsolid supports, or partides, but may be deaved from these supports to provide a 
soluble Ubrary. The oUgomers are composed of a sequence of monomars, the 
any member of the set of molecules that canbejomed^^^^^^ 

5 form an oUgomer or polymer, Le., amino adds, carbamates, sulfones s^-^^^ 
n^eosides carbohydrates, ureas, phosphonates, Upids, este^ «-bma.ons^ ^ 
same, and the like. The Ubrary is then saeened to isolate individual oUgomers ftat 
bind to a receptor or possess some desired property. Eadt oUgom^ sequence m the 
uC is unique, in a preferred embodiment. In another preferred embodiment, the 
10 sSupporL;nonporous beads. The soUd supports may be composed of a smgle 

partide. or two or more Unked partides. : j„„rifipr 

A further embodiment of the invention relates to the use of an id«itifier 
tag to identify the sequence of monomers in the oUgomer. The identifier tag, whidi 
Zy be atta^ed directly to the oUgomer with or without an ^^-^^V^y^^^^^f ^ 

1 5 a uLer attad^ed to the oUgomer, to the solid support upon whidi t^e^S-- ^ 

synthesized, or to a second partide attadied to the oUgomer-carrymg partide, may be 
T^^Ue feature Jt in some way carries the required information, and is 
SrherSIat^elevelofoneorafewsoUdsupports. The soUd suppor^^y be 
joined to the oUgomers and die identifier tag by means of one or more bnker 
20 molecules. ^ ^ ^^^^^ ^.^ntifier tag wiU be an oUgonudeotide 

preferably composed of pyrimidlnes or pyrimidines and purine analogs or 
nudeoside that wiU not degrade under the coupUng conditions us^ to assanble the 
OUgomer library. The oUgonudeotide identifier tag may contain a 5 and a 3 

2 5 ampUfication site, to allow ampUfication of the tag by, for example the polymerase 

didn reaction (see U.S. Patent Nos. 4,683,202; and 4,965,188, eadi of whidi is 
incorporated herein by reference). A DNA sequendng primer site, whidi may be 
spedfic for eadi step of the oUgomer synthesis, may also be induded m the 
oUgonudeotide tag in addition to the ampUfication primer sites. The tag may be 

3 0 designed to indude, in the oUgonudeotide sequence, information aUovnng 

identification of the monomer assodated with the addition of the partiadar tag. The 
oUgonudeotide tag wiU be about 50 to 100 nudeotides in lengtii, in a preferred 

embodiment.^ another preferred embodiment, tiie identifier tag may be composed of 
3 5 a set of Ught-addressable compounds, sudi as fluorescent or phosphorescent 
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compounds that can be photobleached, which compounds are incorporated into the 
beads or particles on which the oligomers of the oligomer library are synthesized. 
Such compounds are widely known in the art. 

5 BRIEF DESCRIPTION OF THE HGURES 

Fig. 1 is a schematic representation of combinatorial oligomer synthesis 

on particles. 

Fig. 2 is a schematic representation of concurrent combinatorial oligomer 

synthesis and particle tagging, 
-| 0 Fig. 3 describes one method of bead functionalization, the compatible 

chemistries for peptide synthesis and round by round attachment of oligonucleotide 
identifier tags, including synthesis of amino-functionalized beads, the structiure of 
protected 5' maleimidyl oligonucleotides, amino acid coupling and introduction of a 
thiol "handle/' step-specific oligonudeotide attachment to a bead, subsequent amino 

1 5 add coupling(s) and oUgonudeotide attachment(s), and peptide and oligonudeotide 

deprotection. 

Fig. 4 is a schematic representation of one example of an oligonudeotide 

Fig. 5 illustrates nucleoside phosphoramidites derivatized with 

2 0 photolabile protecting groups for parallel peptide/oligonudeotide synthesis. 

Fig. 6 illustrates 5'-DMT-3'-(0-allyl NJsT'-diisopropyl phosphoramidite) 
nucleoside derivatives for paralld peptide/oligonudeotide synthesis. 

Fig. 7 illustrates the preparation of a bifunctional bead material for 
parallel synthesis of peptides and oligonudeotides. 

2 5 Fig. 8 illustrates the parallel assembly of oligonudeotide-tagged peptides 

on beads. 

Fig. 9 shows a schematic representation of the experiment described in 
Example 5, in which two populations of oligomers on beads are prepared, tagged, 
mixed, sorted, and identified by the method of the present invention. 

3 0 Fig. 10 shows resolution of the two populations of beads by FACS in the 

experiment described in Example 5. Values along the horizontal axis indicate 
relative fluorescence (log scale). Values along the vertical axis indicate relative 
numbers of beads. Non-fluorescently labded beads are represented by peak A. 
Flourescently labeled beads are represented by peak B. The ratio of the larger peak to 
3 5 the smaller peak is 15:1. 
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Fig 11 shows pictures of ethidium bromide stained, UV irradiated 
agarose gels of PCRproducts obtained by amplificationafter FACSof twobcad 
populations and amplification of the tags on the sorted beads, with controls, as 
described in Example 5. Gel A shows the results with sorted fluores^t beads: ^ 

5 1 - 2 4xl06 copies (100 bead equivalents) of 95 mer tag; lanes 2-7 - FCR produc from 
single fluorescent beads; lanes 8-10 - FCR product from ten fluoresc^vt b^^^s; bnes 
11-13 - FCR product from one hundred fluorescent beads; and lane 14 - l^ZxlU 
copies (100 bead equivalents) of 110 mer tag. Gel B shows the ^^-^^'^^^^ 
fluorescentbeads: lanel- 1.2xl06 copies of 110 mer tag; lanes 2-7 -PGR product 

10 from single non-fluorescent beads; lanes 8-10 -PGR product from ten non- 

fluorescent beads; lanes 11-13 - PGR product from one hundred non-fl"orescent 
beads; and lane 14 - 2.4xl06 copies of 95 mer tag. Gel G shows the results witit the 
control reactions: lanes 1,12 - DNA size standards; lanes 2, 3 - no tag «:onttol 
reactions; lanes 4, 5 - 1 bead equivalent of soluble 95 mer tag; lan^ 6 7- 10 bead 

1 5 equivalents of soluble 95 mer tag; lanes 8, 9 - 1 bead equivalent of soluble 110 mer 
tag; and lanes 10, 11 - 10 bead equivalents of soluble 110 mer tag. 

DESGEIFnON OF THE SFEOnG EMBODIMENTS 
The present invention provides novel methods and instruments for 
20 producing large synthetic oUgomer libraries. In a preferred embodiment of the 

present invention, each member of such a Ubrary is uniquely labeled m a manne^ that 
specifies the identity of the sequence of the oUgomer corresponding to that member. 
Methods for screening such Ubraries and reagents useful for ^odudng the hbranes 
are also provided- 

25 

Glossary , 
The foUowing terms are intended to have the followwg general 

meanings as they are used herein: 

^^^p].^»nh.rv nr ^ihst^nriallv romplementarY.: These terms refer to 

30 base pairing between nucleotides or nucleic adds, such as, for instance, between the 
two strands of a double stranded DNA molecule or between an oUgonudeotide 
primer and a primer binding site on a single stranded nudeic add to be sequenced or 
amplified. "Complementary nudeotides are, generaUy, A and T A «nd U), and G 
and G, as is weU known to those of skifl in the art. Two single stranded FNA or DNA 

35 molecules are said to be "substantially complementary" when the nudeotides of one 
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strand, optimally aligned, pair with at least about 80% or more of the nucleotides of 
the other strand. 

Alternatively, substantial complementarity exists when an RNA or DNA 
strand will hybridize imder selective hybridization conditions to a complementary 
5 nucleic acid. Typically, selective hybridization will occur when there is at least about 
55% complementarity over a stretch of at least 14 to 25 nucleotides, but more selective 
hybridization will occur as complementarity increases to 65%, 75%, 90%, and 100%, 
See Kanehisa, Nucleic Adds Res. 12:203 (1984), incorporated herein by reference 
Stringent hybridization conditions will typically include salt 
1 0 concentrations of less than about 1 M, such as less than 500 mM, and will often 
■ include salt concentrations of less than 200 mM. The hybridization temperature for 
oligomers will typically be greater than 22°C, such as greater ttian about SO'^C, and will 
often be in excess of about 37°C. Longer fragments may require higher hybridization 
temperatures for specific hybridization. As other factors may dramatically affect the 

1 5 stringency of hybridization (such factors include base composition, length of the 

complementary strands, presence of organic solvents, and extent of base 
mismatching), the combination of factors is more important than the absolute 
measure of any one factor alone. 

Epitope : The portion of an antigen molecule delineated by the area of 

2 0 interaction with the subclass of receptors known as antibodies is an "epitope." 

Identifier tag: An "identifier tag" is a physical attribute that provides a 
means whereby one can identify which monomer reactions an individual solid 
support has experienced in the S3mthesis of an oligomer. The identifier tag also 
records the step in the synthesis series in which the solid support visited that 

2 5 monomer reaction. The identifier tag may be any recognizable feature, including for 

example: a microscopically distinguishable shape, size, color, optical density, etc; a 
differential absorbance or emission of light; chemically reactivity; magnetic or 
electronic encoded information; or any other distinctive mark with the required 
information, and decipherable at the level of one (or a few) solid support(s). A 

3 0 preferred example of such an identifier tag is an oligonucleotide sequence. An 

"identifier tag" can be coupled directiy to the oligomer synthesized, whether or not a 
solid support is used in the synthesis. In this latter embodiment, the identifier tag 
serves as the "support" for oligomer S3mtiiesis. 

Ligand: A "ligand" is a molecule that is recognized by a particular 
3 5 receptor. The agent bound by or reacting with a receptor is called a "ligand", a term 
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Which is definitionally meaningful only in terms of its counterp^t -cepto. Ihe 
^1 "Ugand" does not imply any particular molecular size or other ^^-^^^^ 
rposLnal feature other than that the substance in question is capable o^ brndrng 
Xrwise irvteracdng with the receptor. Also, a "Ugand" may serve a*e^ s ti. 
5 natoral lieand to which the receptor binds, or as a functional analogue that may act as 
"^r^^r antagonist Ugands that can be investigated by this invention mdude, 

TjrrrZL to, a^Lts and antago.sts^ ^ ^ i::-— 
and venoms, viral epitopes, hormones, sugars, cofactors, peptides, enzym 
cofactors, drugs (e.g., opiates, steroids, etc), and protons. ^.^es which 

, 0 Monomer: A "monomer" is any member of the set of molecule^ w^* 

canbejoined-^S^toformanoUgomerorpolymer. Il.e set of monomers us^ul 
rtll ;r^entinLtionincludes,but is not restricted to,fo^ 

Tvn&eL the set of L-amino adds, D-amino adds, or synthetic ammo aads. As us«i 
h^r^m^omer" refers to any member of a basis set for synthesis of an ohgomer. 
1 5 ~ple, dimers of L-amino adds form a basis set of 400 ••-<^^ ^^^^^^^^ 
synthesis of polypeptides. Diferent basis sets of monomers may be used at successive 
steos in the synthesis of a polymer. 

^ ^fr- P».v-^: -c^- -polymer- sequeru:^ o£to 

invenJn are formed from *e chemtal or en^mattc addrtion of ^rn^ 
20 S^te Sud-oUgomersindude, for example, both tear, cycUc, and bn^ched^^^^ 
' ofnudeicadds, polysacd^rides, phosphoUpids, and pepBde, 

alphT, beu-, or omega^mino adds, heteropolymers, polyureftar«s, polyesK^ 
^^rboru^ polyLas. polyamides, pol,e%.en=im.«e,, P-^^^'-^^^^. 

25 to one skflled in the art upon review of this disdosure. 

A -peptide- IS an oUgomer in whidt the .ncnome^ er^ alpha 

amino adds j^gether through amide bonds. Al,e™*«ly, a "p^ canbe 
referred to as a -polypeptide.- In context of ftis spedhcatwn, one should 

that ,^ ^ adds may be the t^tical isomer or the D^bcal .somer. 
30 Ze^ are more ftan two amino »il monomers long, but more often are more 
'° ^1 «"lno add monomers long and canbe evenlonger 

although peptides longer than 20 amino adds are more likely to be aUled 
-polypapdd^.- Standard single letter abbreviations for ante, aads (^g- P 

for praline). These abbreviations are induded in Stiyer, mUmm. Ttard 
35 (1988), wWch is Incorporated herein by reference. 
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Oli gonucleotides : An "oligonucleotide" is a single-stranded DNA or 
RNA molecule, typically prepared by synthetic means. Those oligonucleotides 
employed in the present invention will usually be 50 to 150 nucleotides in length, 
preferably from 80 to 120 nucleotides, although oligonucleotides of different length 
5 may be appropriate in some circumstances. For instance, in one embodiment of the 
invention, the oligonucleotide tag and the polymer identified by that tag are 
synthesized in parallel. In this embodiment, the oUgonudeotide tag can be buUt 
nucleotide-by-nucleotide in coordination with the monomer-by-monomer addition 
steps used to synthesize the oUgomer. In addition, very short, i.e., 2 to 10 nucleotides, 
1 0 oUgonudeotides may be used to extend an existing oligonucleotide tag to identify a 
monomer coupling step. Suitable oUgonudeotides may be prepared by the 
phosphoramidite method described by Beaucage and Carruthers, Tetr. Lett. 22:1859- 
1862 (1981), or by the triester method, according to Matteucd et alv J. Am. Chem. Soc. 
103:3185 (1981), both incorporated herein by reference, or by otfier methods such as by 

1 5 using commerdal automated oligonudeotide synthesizers. 

Operably linked: A nudeic add is "operably linked" when placed into a 
functional relationship with another nucleic add sequence. For instance, a promoter 
or enhancer is "operably linked" to a coding secjuence if the promoter causes the 
transcription of the sequence. Generally, operably linked means that the DNA 

2 0 sequences being linked are contiguous and, where necessary to join two protein 

coding regions, contiguous and in reading frame. 

Receptor: A "receptor" is a molecule that has an affinity for a given 
ligand. Receptors may be naturally-occurring or manmade molecules. Also, receptors 
can be employed in their unaltered nahiral or isolated state or as aggregates with other 

2 5 species. Receptors may be attached, covalently or noncovalently, to a binding 

member, either directly or via a specific binding substance. Examples of receptors that 
can be employed in the method of the present invention indude, but are not 
restricted to, antibodies, cell membrane receptors, monodonal antibodies, antisera 
reactive with specific antigenic determinants (such as on viruses, cells, or other 

3 0 materials), polynudeotides, nudeic adds, lectins, polysaccharides, cells, cellular 

membranes, and organeUes. Receptors are sometimes referred to in the art as "anti- 
ligands." As the term "receptor" is used herein, no difference in meaning is intended. 
A "ligand-receptor pair" is formed when two macromolecules have combined 
through molecular recognition to form a complex. 
3 5 Other examples of receptors that can be investigated by this invention 
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include, but are not restricted to: j 

Hf^^»^^tl=.n;.m receptors: DeterminatiDn of Ugands that bmd to 
microorganism receptors, such as specific transport proteins or enzymes essential to 
survival of miaoorganisms, is useful in discovering new classes or types of 

antibiotics. Of particular value would be antibiotics against opportunistic fungi, 
protozoa, and tiiose bacteria resistant to the antibiotics in current use. 

Enzymes: For instance, the binding site of any enzyme, such as the 
enzymes responsible for cleaving neurotransmitters, is a receptor. Determination of 
Ugands that bind to certain enzymes, and thus modulate the action of the ^ines 
tlmt deave the different neurotransmitters, is useful in the development of drugs that 
can be used in the treatment of disorders of neurotransmission. 

Antib2iie§.: For instance, the invention may be useful in investigatmg 
the Ugand-binding site on an antibody molecule that combines with the epitope of an 
antigen of interest. Determining a sequence that mimics an antigenic epitope may 
lead to the development of vaccines or lead to the development of related diagnostic 
agents or compounds useful in therapeutic treatments such as for autoimmune 
diseases (e.g.,by blocking the binding of the "self antibodies). 

MnrlPTc Acids: -nie invention may be useful in investigatmg sequences 
of nucleic acids acting as binding sites for ceUular proteins ("ttsM-acting factors'"). 
20 Such sequences may include, eg, enhancers or promoter sequences. 

^.H.iyH. Poly peptides: Polymers, preferablypolypeptides,whidi are 
capable of promoting a chemical reaction involving the conversion of one or more 
reactants to one or more products are "catalytic polypeptides." Such polypeptides 
generaUy include a binding site specific for at least one reactant or reaction 
25 intermediate and an active functionality proximate to the binding site, which 
functionality is capable of chemically modifying the bound reactant Catalytic 
polypeptides are described in, Lemer si alv SsSiSffi 2^: 659 (1991), which is 
incorporated herein by reference. , , 

Pfn^ypf ^nP receptors: For instance, "hormone receptors include tiie 
30 receptors for insulin and growth hormone. Determination of the Hgands which bind 
with high affinity to a hormone receptor is useful in the development of, for example, 
an oral replacement of the daily injections which diabetics must take to reUeve the 
symptoms of diabetes, and in the otiier case, a replacement for human growth 
hormone, which can only be obtained from cadavers or by recombinant DNA 
3 5 technology. Other examples include the vasoconstrictive hormone receptors; 
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determination of ligands that bind to those receptors may lead to the development of 
drugs to control blood pressure. 

Opiate receptors: Determination of ligands that bind to the opiate 
receptors in the brain is useful in the development of less-addictive replacements 
5 for morphine and related drugs. 

Substrate or Solid Support : A "substrate or soUd support" is a material 

having a rigid or semi-rigid surface- Such materials will preferably take the form of 
small beads, pellets, disks, or other convenient forms, although other forms may be 
used. In some embodiments, at least one surface of the substrate will be substantiaUy 
10 flat. A roughly spherical shape is preferred. 

Synthetic : A compound is "synthetic" when produced by in vhro 
chemical or enzymatic synthesis. The synthetic libraries of the present invention may 
be contrasted with those in viral or plasmid vectors, for instance, which may be 
propagated in bacterial, yeast, or other living hosts. 

15 

1. * Method for Producing Large Synthetic Oligomer Libraries 

A general method of random oligomer synthesis is provided by the 
present invention. The method can be used to produce the enormous numbers of 
compounds available with recombinant systems and to utilize the monomer set 

20 diversity available with chemical synthesis methods. By means of the present 
method, one can readily produce up to 10l2 different oligomers, a dramatic 
improvement over previous methods. The invention also provides a facile means of 
oligomer identification. 

The general method comprises producing a large, highly diverse 

2 5 collection or library, each member of such a library comprising a single oligomer 
sequence (e.g., a peptide). The sequence may be soluble or may be bound to a solid 
support. When bound to a solid support, tiie oligomer is usually attached by means of 
a hnker. The liiJcer, prior to attachment has an appropriate functional group at each 
end, one group appropriate for attachment to the support and tixe other group 

30 appropriate for attachment to the oligomer. Such a collection may contain, for 
example, all combinations of n monomers assembled into X length oligomers 
yielding, nX different compounds. The collection may also contain oligomers having 
different monomer units at, for example, only one or a small number of positions, 
while having an identical sequence at all other positions. The general method 

35 typically involves synthesizing the oligomers in a random combinatorial 
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("stochastic") fashion by chemical and/or enzymatic assembly of monomer unite 

A synthetic oUgomer library may be produced by synthesizing on eadi of 
a pluraUty of soUd supports a single oligomer sequence, the oligomer seq.«rice bemg 
d^erentL different soUd supports. The oUgomer sequence ^^.^5-*^-;^ 

5 process comprising the steps of: (a) apportioning the supports m a stochastic manner 
'Io"a plLity of reaction vessels; (b) exposing the supports in each reaction vessel 
to a L monomer; (c) pooling the supports; (d) apportioning the -PI-^- « 
stochastic manner among the pluraHty of reaction vessels; (e) ^^^^^J 
each reaction vessel to a second monomer; and (f) repeating steps (a) thro,^ (e) from 

,0 :™tot.enty^es. TypicaHy, subs^HaUy equal nunib^s ^^^^^^^^^^ 

wiU be apportioned to each reaction vessel. In one embodnnent of the method, the 
rlml are chosen from the set of amino acids, and the resultmg oligomer is a 

As a specific example of the method, one may consider the synthesis of 
1 5 peptides three residues in length, assembled from a monomer set of three different 
':onomers:A,B,andC Thefirstmonomeriscoupledto.^^^^ 
beads, each different monomer in a different aUquot, and the beads from aU the 
eactns are then pooled (see Fig. 1). The pool now contains approximately eqiM 
lumbers of three <Lerent types soM supports, witheach type ^^^^^J^ 
20 monomer in the first residue position, live pool is mixed and redastnbuted to the 
Tep-l monomer reaction tubes or vessds containing A, B, or C as the monomer. 

The second residue is coupled. 

FoUowing thL reaction, each hibe now has beads with three different 
„.onomers in position one and the monomer contained in each Pa^tic^- 
25 reactiontubeinpositionZ AU reactions are pooled ^am, produc^ a^tu« of 
beads eachbearingoneoftheninepossibledimers. The pool is agam distnbut^ 
among the three reaction vessels, coupled, and pooled. IWs process of «quenti^ 
synthL and mixing yields beads thathave passed through all the possible reaction 
pathways, and the coUection of beads displays all trimers of three ammo aads (33 = 
30 2^^L acompletesetof thetrimersof A,B,a^^ AscanbereaMy 
appreciated, the use of a sufficiently large number of synthesis beads helps to erjsure 
Zt the set completely represents the various combinations of monomers employed 
in this random, combinatorial synthesis scheme. 

This method of assembling oUgomers from many types of monomers 
35 requires using the appropriate coupling chemistry for a given set of monomer umts 
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or buUding blocks. Any set of building blocks that can be attached to one another in a 
step-by-step fashion can serve as the monomer set The attachment may be mediated 
by chemical, enzymatic, or other means, or by a combination of any of these means, 
The resulting oligomers can be linear, cyclic, branched, or assume various other 
5 conformations as will be apparent to those skilled in the art Techniques for solid 
state synthesis of polypeptides are described, for example, in Merrifield, supra. Peptide 
coupling chemistry is also described in The Peptides, VoL 1 (eds. Gross, E., and J. 
Meienhofer, Academic Press, Orlando (1979)), which is incorporated herein by 
reference. 

^ 0 To synthesize the oligomers, a collection of a large number of the solid 

supports is apportioned among a number of reaction vessels. In each reaction, a 
different monomer is coupled to the growing oligomer chain. The monomers may be 
of any type that can be appropriately activated for chemical coupling or accepted for 
enzymatic coupling. Because the reactions may be contained in separate reaction 

1 5 vessels, even monomers with different coupling chemistries can be used to assemble 
the oligomers (see The Peprides. supra) . The coupling time for some of the monomer 
sets may be long. For this reason, the preferred arrangement is one in which the 
monomer reactions are carried out in parallel. After each coupling step, the solid 
supports on which are synthesized the oligomers of Hie library are pooled and mfaced 

2 0 prior to re-allocation to the individual vessels for the next coupling step. This 
shuffling process produces solid supports vdth many oligomer sequence 
combinations. If each synthesis step has high coupling efficieficy, then substantially 
all the oligomers on a single solid support have the same sequence. That sequence is 
determined by the synthesis pathway (type and sequence of monomer reactions) for 

2 5 any given solid support at the end of the synthesis. The maximum length of the 

oligomers is typically less than about 20, usually from 3 to 8 residues in length, but in 
some cases a length of 10 to 12 residues is preferred. Protective groups known to those 
skilled in the art may be used to prevent spurious coupling (see The Peptides, VoL 3 
(eds. Gross, E., and J. Meienhofer, Academic Press, Orlando (1981), which is 

3 0 incorporated herein by reference). 

Modifications of this completely random approach are also possible. For 
example, the monomer set may be expanded or contracted from Step to step; or the 
monomer set could be changed completely for the next step (e.g., amino acids in one 
step, nucleosides in another step, carbohydrates in another step), if the coupling 
3 5 chemistry were available (see Gait, OHgonucleo ti Hp Synthesis: A Practical Approach, 
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IRL Press. Oxford (1984); Friesen and Danishefsky, J Amer. Che^. Soc. 111:6656 (1989), 
and Paulser., ^^^^.^ Tn. i:d. End. 25:212 (1986), all of which are mcorporated 

herein by reference). A monomer unit for peptide synthesis, for example, may 
include single amino adds or larger peptide units, or both. One variation :s to form 
5 ^al pods of various sequences on solid supports to be distributed among .^^ent 
"lom^ sets at certain steps of the synthesis. By this approach, one can also b 

Tugomers of different lengths ^th either rdated or unrelated sequerj^^^^ 

L certain monomer residues at some positions whUe varying the other resxdu^, to 

construct oUgomer frameworks wherein certain residues or regions are altered to 

1 0 provide ^'"^^-^^^^ enzymatic synthesis of the oUgomer Ubraries of the 

present invention typically takes place on soUd supports. Hie term "solid support" as 
Ld herein embraces a particle with appropriate sites for oUgomer synthesis and, m 
some embodiments, tag attachment and/or synthesis. There are various sobd 

1 5 supports useful in preparation of the synthetic oUgomer Ubraries of the present 
Jention- SoUd supports are commonly used for soUd phase synthesis of, for 
example, peptides and nucleic adds and other oUgomers as enumerated above, and 
thus are weU known to those skUled in the art 

With enough soUd supports and effident coupUng, one can generate 

20 complete sets of certain OUgomers, if desired, m general, the soUd support sue xs m 
the range of Inm to 100 fim, but a more massive soUd support of up to 1 mm m size 
may be used. The appropriate size of the soUd support depends on 1 ttie number of 
OUgomer synthesis sites and identifier tag attachment sites desired, (2) the number of 
different compounds to be synthesized (and the mnnber of soUd supports beanng eadi 

25 oUgomer tiiat are needed for screening); and (3) the effect of the size of the sohd 
supports on the spedfic screening strategies [eg., fluorescence-activated ceU sorters 

(FACS)3tobeused. 

As a spedfic example, soUd supports of 1 jmv in diameter may be used. If 
eadi reaction contains approximately 0.2 mL of soUd supports, and the oUgomers are 

3 0 synthesized torn a set of 50 monomers (50 paraUd reactions), then a total of 10 mL of 
soUd supports, or approximately 10l3 soUd supports, would be required. If one wishes 
to make hexamers with these 50 monomers, then there are over 1.5 x IQW possible 
sequences, and eadi spedfic sequence would be represented on about 103 sohd 
supports. An estimated capadty of eadi bead, based on the capadty of commonly used 

3 5 peptide synthesizing resins, is about 0.1 pg of peptide per bead. By this estimation. 
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then, each solid support would have about 100 amol or 108 oligomer chains. 

To improve washing efficiencies, solid supports less porous than typical 
peptide synthesis resins are preferable. These supports will have a lower density of 
growing chains, but even with a decrease in capacity of several orders of magnitude, 
5 sufficient oligomer densities can be produced for efficient screening. With the less 
porous supports, a greater proportion of the oUgomers wiU be accessible for binding to 
the receptor during the screening process. Also, the less porous supports will reduce 
the carryover of tags from one reaction to the next, thus improving the accuracy of 
reading the dominant (correct) tags. 
1 0 Such soHd supports may be of any shape, although they will preferably be 

roughly spherical. The supports need not necessarily be homogenous in size, shape, 
or composition; although the supports usuaUy and preferably wiU be uniform. In 
some embodiments, supports lhat are very uniform in size may be particularly 
preferred. In another embodiment, however, two or more distincdy different 

1 5 populations of solid supports may be used for certain purposes. 

Solid supports may consist of many materials, limited primarily by 
capacity for derivatization to atUch any of a number of chemically reactive groups and 
compatibiUty with the chemistry of oligomer synthesis and tag attachment. Suitable 
support materials indude glass, latex, heavUy cross-linked polystyrene or similar 

2 0 polymers, gold or other colloidal metal particles, and other materials known to those 

skiUed in the art. Except as otherwise noted, the chemically reactive groups with 
which such soUd supports may be derivatized are those commonly used for soUd state 
synthesis of the respective oligomer and thus will be well known to those skilled in 
the art. The soUd supports of the present invention do not indude Uving cells, 

2 5 viruses, or doning vectors such as phage vectors or plasmids. 

n. Method for Producing Tagged Svnthp Hr niipomer Libraries 

In a preferred embodiment of the invention, tiie oligomers comprising 
the library also are attached to an identifier tag that can be easily decoded to report the 

3 0 sequence of each oUgomer. The identifier tags may be attached either to the oligomer 

or to the soUd support to whidi tiie oUgomer is attached. The attachment is preferably 
by means of a linker that, prior to attachment, has an appropriate functional group at 
each end, one group appropriate for attachment to the support and the otiier group 
appropriate for attachment to the identifier tag. Alternatively, tiie identifier tag may 
3 5 be attached to a monomer incorporated into tiie oligomer or attached directly to the 
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same linker that binds the oUgomer to the soUd support In the latter embodiment, 
the linker has, prior to attachment, a third functional group appropnate for the 
attachment of the identifier tag. 

A synthetic oUgomer library that incorporates identifier tags is produced 
5 by synthesizing on each of a plurality of soUd supports a single oUgomer sequence and 
one or more identifier tags identifying the oUgomer sequence. The ta^d syntitefac 
OUgomer Ubrary is synthesized in a process comprising the steps of: (a) apportiomng 
the supports among a plurality of reaction vessels; (b) exposing the supports m each 
reaction vessel to- a first oUgomer monomer and to a first identifier tag monomer; (c) 
10 pooUng the supports; (d) apportioning the supports among a pluraUty of reaction 

vessels; and (e) exposing the supports to a second oUgomer monomer and to a second 
identifier tag monomer. As noted above, one can also practice the inv^tion in a 
mode in which there is no soUd support; in this mode, the tag is attached durectly to 
the OUgomer being synthesized. The steps of either process typically will be repeated 
1 5 one or more times, but usuaUy, wiU be repeated less than 20 times. 

The solid supports can be exposed to (or coupled with) an oUgomer 
monomer and an identifier tag at the same time, or sequentiaUy. In either event, &e 
supports are then pooled and exposed to the second oUgomer monomer and second 
id^tifier tag. As before, these steps are repeated, typically from one to about 20 tmies. 

2 0 The invention is described herein primarily with regard to the preparation of 

molecules containing sequences of amino adds, but the invention can readily be 
appUed to file preparation of otiier oUgomers and to any set of compounds that can be 
syntiiesized in a component-by-component fashion, as can be appreciated by those 
skiUed in tiie art 

25 m another embodimeat, the same soUd support is used for synthesizmg 

aU members of the Ubrary, but the members are cleaved from the support prior to 
screening, m this embodiment, synthesis of tagged oUgomers may be accomplished 
utiUzing very large scale immobiUzed polymer synthesis (VLSIPS^m) techniques. See 
U S Patent No. 5,143,854 and PCI patent publication No. 92/10092, each of which is 

3 0 incorporated herein by reference. An array of oUgonudeotides is synthesized on the 

VLSIPS'*' chip, each oUgonudeotide linked to the dup by a deavable group sudi as a 
disulfide. In one embodiment, eadi oUgonudeotide tag has an amine group at the 
free end and only contains pyrimidine or pyrimidine and purine analog bases. In 
addition eadi oUgonudeotide contains binding sites for ampUfication, i.e, PGR 
3 5 primer sites and optionally a sequendng primer site. A short section of eadi 
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oUgonudeotide uniquely codes the monomer sequence of the oUgomer to be tagged. 
Then, e.g., peptides are synthesized, optionaUy from the free terminal amine groups 
on each oligonucleotide, so that each peptide is linked to a tag. The whole collection 
of oligonudeotide-peptide may be released from the chip to create a soluble tagged 

5 oligomer library. 

More preferably, however, the oUgomer Ubrary is constructed on beads or 
partides. One method of bead functionalization, with compatible chemistries for 
peptide synthesis and round by round attachment of oligonucleotide identifier tags, is 
shown in Figs. 3.1-3.6. Glass beads are derivatized using aminopropyltriethoxysUane 
10 and a beta-alanine spacer group is coupled using activated ester methodology. The 
oUgonudeotide tags may optionally incorporate a biotin group to facilitate 
purification, hybridization, amplification, or detection (see Eigrsg 
imTnunoTechnolnpv Catalog and Handbook. 1991, incorporated herein by reference). 
Commerdally available Fmoc protected amino adds and standard BOP coupling 

1 5 diemistry is employed for peptide synthesis (see The Peptides, siigra). Protected 

polypyrimidine (e.g., cytidine protected as N4-Bz-C) and/or purine analog containing 
oligonudeotides resistant to the coupling and deprotection reagents used in peptide 
syndesis are attached using maldmide chemistry to unmasked thiol groups 
incorporated into growing peptide diains at low frequency (i.e., 0.1%) as cysteine 

2 0 residues with masked thiol groups (which masks may be selectively removed prior to 

tagging). In other embodiments of the invention, one may not need to use protected 
nudeosides or oligonudeotides. 

However, to maintain the integrity of an oUgonudeotide tag during 
peptide synthesis, one may need to use different combinations of protecting groups 

2 5 and/or synthetic nudeotides to avoid degradation of the tag or Aie oligomer 

synthesized. In general, polypyrimidine oUgonudeotide tags are relatively stable 
vmder typical peptide synthesis conditions, as opposed to oUgonudeotide tags tiut 
contain natural purine nudeotides, but a polypyrimidine nudeotide tag may be 
somewhat refractory to amplication by PGR. One may need to incorporate purine 

3 0 bases, or analogs tested for ability to withstand peptide coupUng (and deprotection) 

conditions, into the tag to acheive a desired efficiency of ampUfication. For purposes 
of the present invention, the tag optionally may contain firom 10 to 90%, more 
preferably 35 to 50%, and most preferably 33 to 35%, purine or purine analog 
nudeotides. The oUgonudeotides optionally may contain phosphate protecting 
3 5 groups (e.g., O-metiiyl phosphates) witii greater base st^iUty than the standard beta- 
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cvanoethyl group, which may be susceptible to piperidine cleavage. In such cases, 

^;L"eLo^^^^^^ 

Sophenol, trifluoroacetic add, and ethanoUc ethylenediamine at 55 degrees C. 
m another embodiment, photolabile alpha-amino protecting groups are used m 

conjunction with base-labile side chain protecting groups for Ae ^^^f^'^ 
Jdaxdbeta-cyanoethyl protecting groups are usedforth^oUgonud^^^^^^^ 

In another embodiment, oUgonudeotides contammg both modified or 
synihetic purines and pyrimidines may be synthesized in parallel with PeP^d- J-S 
LentioLl Fmoc/tBu protected amino adds. In this method, one can also use O- 
N-anyloxycarbonyl groups to provide protection forpho^^^^ 

Jexocydic amines of the nudeoside bases, respectively (see Hayakawa et J, I 
Amer Chem. Soc. 112: 1691-1696 (1990), incorporated herein by reference). By 
^oyii^e mild oxidant tBuOOH for oxidation at the phosphorous one can 
ZnTe oxidation of the amino adds methionine, tryptophan and ^^stidme 
ZZwa et al., T^. Lett- 27:4191-4194 (1986), incorporated herein by reference) Use 
^p^idinii^^Thy^^daoride/imidazole as a phosphporamidite activator leads to 
sdeSve 5'-Ophosphitylation at the expense of low levels of spunous reaction at 
Irogen on the peptide or oUgonudeotide (see Gryaznov and mr m^ 
Adds Researdi 20: 1879-1882 (1992) incorporated herein by reference). The labihty of 
Z^^;^^ to strong add (e.g., TPA) is avoided by use of phosphoramidites of 
the purine nudeoside analogs 7-deaza-2--deoxyadenosine and 7-dea^-2- 
deo^guanosine (see Barr ^al.,BioTedmig-. 4:428-432 (1986), and Sdieit, 
.JZ c;,,.....-. and Function pp. 64-65 ffohn WUey and Sons, New 

York), botii incorporated herein by reference). 

The fuUy assembled peptide and oUgonudeotide diains may be 
deprotected by first treating tiie products with 30% piperidine in DMF to remove 
aino-terminal Fmoc groups. Then, the allyUc protecting groups are removed usmg 
THF containing tris (dibenzylideneacetone) dipalladium-ddorofonn complex, 
triphenylphosphine, and n-butylamine/formic add, foUowed by a THE wash an 
aqueous sodium N,N-dietitylditiuocarbamate wash, and a water wash. FmaUy, the 
add-labile amino add protecting groups are removed by treatment with 95d 

" other metiiods also provide effective ortiiogonal protection during the 
parallel assembly of oUgonudeotides and peptides. Hiese metiiods indude use of 
add-labile protecting groups on phosphates and exocydic amines of deoxycytidme, 7- 
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deaza-deoxyadenosine, and 7-deaza-deoxyguaiiosine suffidentiy robust to resist the 
3% trichloroacetic add used in 5'-0-detritylation; use of photochemically removable 
protecting groups on these residues; and combinations of such add and photolabile 
groups (for photolabile protecting groups for phosphate, see Baldwin fit Mv mi- Lgtt- 
5 4i: 6879-6884 (1990), incorporated heron by reference; see also figure 5). 

in. Trienrifving tb ^ Sequence of anv Oligomer 

The present invention provides a method for identifying tiie 
composition and sequence of any of tiie oUgomers in the library. By tiracking the 

1 0 synthesis patiiway that each oUgomer has taken, one can deduce Hhe sequence of 

monomers of any oUgomer. The metiiod involves linking an identifier tag to the 
oUgomer tiiat indicates ti\e monomer reactions and corresponding step numbers that 
define each oligomer in the Ubrary. After a series of synthesis steps (and concurrent 
identifier tag additions), one "reads" the identifier tag(s> associated with an oUgomer 
15 to determine the sequence of that oligomer. 

For example, one might attach miaoscopically recognizable, 
alphanumeric tags to eadi bead (see Fig. 2): "Al" means that tiie bead partidpated in 
the A-monomer reaction at step 1, "CI" means tiiat the bead participated in the C- 
monomer reaction at step 2, and "B3" means B-monomer was added in step 3, and so 

2 0 on. At tiie end of the 3-step syntiiesis, the bead would have tiiree tags attached, e.g., 

Al, C2, and B3, indicating tiiat ti\e sequence of the peptides on tiie bead is ACB. This 
scheme requires a number of distinct identifier tags equal to at most the product of the 
number of different monomers and tiie number of synthesis steps (nine in tiiis 
example). The number of identifier tags is reduced if the symbols are attached to one 

2 5 anotiier in tiie order of die steps: A, A-C, A-C-B. In tius case only as many identifier 

tags are needed as monomers. One builds tiie identifier tag in much tiie same way as 
the peptides, so as to preserve a record of what was monomer was added, and in 

which addition step. 

The identifier tags therefore identify each monomer reaction that an 

3 0 individual library member or soUd support has experienced and record the step in tiie 

syntiiesis series in which each monomer is added. The tags may be attached 
immediately before, during, or after tiie monomer addition reaction, as convenient 
and compatible with tiie type of identifier tag, modes of attachment, and diemistry of 
oligomer syntiiesis. The identifier tag is added when tiie solid supports that have 
3 5 undergone a specific monomer addition step are physically togetiier and so can be 



wo 93/06121 



PCr/US92/078l5 



20 



taeeed as a group, i.e., prior to the next pooling stq). 

tagged as gr^ p,^^ ^P^^ ^ ^ ^^^^ ^ ^ 

of an oligoxner axe varied, one may need to identify only those monomers whxdi v^jr 
l^ngte oUgomers, as whenone wants to vary onlyafew~ 

5 For instance, one might want to change only 3 to 6 ammo aads m pephd« 6 to 
aminoaddsiong^oronemightwanttoc^angeasfewas ammo^^^ 
polypeptides up to 50 amino adds long. One may uniquely identify the sequ«^^ of 
^I^^dde by providing for eadvsoUd support an identifier tag s^^ 

^o^ds v^d in each sequence, as wiU be readily appreciated by those s^ed m 
0 n Insuchc^s,ansoUdsupportsmayremaininthesamerea*onves^i» 
Z addition of common monomer units and apportioned among different reaction 

vessels for the addition of distinguishing monomer umts. 

vessels the^ ^ ^^^^ ^^^^^ ^^^^^ 

of mechanisms, either direcdy, through a Unking molecule, or through a sohd 
5 t^ortuponwhichtheoligomerissynthesized. ^.^^^^^f 
attaL the tag to another soUd support that, in turn, is bound to the sohd support 
upon which the oUgomer is synthesized. 

TV TvDPS of Idp nrifier Tags 

,0 ■ The identifier mg may be any recognizable feature that is, for examj^^^ 

' mi.osc»picanydis.inguishableinshape,size,color,opticald^ity,et^^^ 

absorbing or emitting-of Ught; chemically reactive; magnetically or -'^^^ 
encodedfor in some other way distinctively marked with the ^^qu-ed "^atior. 
and decipherable at the level of one (or few) solid supports. In one embodiment each 

1 5 bead or other soUd support in the Ubrary incorporates a variety <>i ^^^^^'^l^'f' 
other Ught addressable type of molecules, the spectral properties of whidi be 
changed and therefore used to store information. In one such mode a b^*^ 
incorporates a variety of fluorophors, each of which can be selectively P^ofobleac^d, 
and so rendered incapable of fluorescence or of duninished fluoresence. Durmg each 

3 0 coupling step, the bead is irradiated (or not) to photobleach (or not) one 

par^cular tjres of fluorophors, thus recording the monomer identity m the ohgomer 
Lthesized. See Sden^255: 1213 (6 Mar. 1992), incorporated herein by r^erence. 

One can construct miaoscopically identifiable tags as smaU beads of 
recognizably different sizes, shapes, or colors, or labeled witiv bar cod^. The tags can 

3 5 be readable" luminescent or radioactive labels. The identifier tag can also 
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be an encodable molecular structure. The infonnation may be encoded in the size 
(eg. length of a polymer) or the composition of the molecule. The best example of 
this latter type of tag is a nudeic add sequence, i.e., RNA or DNA assembled from 
natural or modified bases. 
5 Synthetic oligodeoxyribonudeotides are especially preferred 

information-bearing identifier tags. Oligonudeotides are a natural, high density 
information storage medium. The identity of monomer type and the step of addition 
is easily encoded in a short oligonudeotide sequence and attached, for example, to 
each peptide syntiiesis bead. When a single bead is isolated by saeening, e.g., for 
1 0 receptor binding, the attached oligonudeotides can be amplified by methods such as 
PGR (see PCR Protocols: A Guide to Methods and Applications. (Innis, M, Gelfand, D., 
Sninsky, J. and White, T., Academic Press, San Diego 1990), incorporated herein by 
reference), or by other nudeic add ampUtication techniques, such as die ligase chain 
reaction and the self-sustained sequence replication system. The amplified product 

1 5 can be easily sequenced or otherwise identified to decode the identity of the peptide on 

the bead. For this purpose, one can use any of a variety of sequendng methods, 
induding sequendng by sequence-spedfic probe hybridization. 

Alternatively, the information may be encoded in the length rather tiian, 
or in addition to, tiie sequence of the oligonudeotide. If only oligonudeotide lengtix 
20 is utilized to represent each specific monomer addition to the oligomer, then the 

identity of the oligomer can be decoded by amplifying die oUgonudeotide, as described 
above, and identif>'ing the labels through any of a variety of size-separation 
techniques, induding polyacrylamide gel electrophoresis or capillary electrophoresis. 

There are several ways that oligonudeotides can be used as identifier 

2 5 tags. The oUgonudeotides can be assembled base-by-base before, during, or after flie 

corresponding oUgomer (e.g., peptide) synthesis step. In one case of base-by-base 
syndiesis, die tag for each step is a single nudeotide, or at most a very few nudeotides 
(i.e., 2 to 5). This strategy preserves the order of die steps in the linear arrangement of 
the oligonucleotide chain grown in paralld with tiie oligomer. To preserve the 

3 0 chemical compatibility of die parallel syndietic steps (oligonudeotides and peptides, 

for example), one can modify the standard synthesis diemistries. 

One variation of base-by-base assembly is die block-by-block approach; 
encoded sets of nudeotides ("codons") of 5 to 10 or more bases are added as protected, 
activated blocks. Each block carries the monomer-type information, and the order of 
3 5 addition represents the order of die monomer addition reaction. Alternatively, tiie 
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block may encode the oUgomer synthesis step number as weU as the monomer-type 

information. i 

One could also attach protected (or unprotected) obgonudeotides 

containing amplification primer sites, monomer-spedfic infonnadon, ^^f^'^^^^ 
Tcdon iionxLdon, from 10 to 50 to 150 bases in leng*, at each step^ At 

series of n oUgomer synthesis steps, there would be n differendy encoded of 
oUgonudeotide identifier tags assodated with eadv oUgom« sequence. ^ 
iditifying the oUgomers with Ugand activity, the assodated obgonudeotides are 
amplified by PGR and sequenced to decode the identity of the oligomer. 

V TinVinf r fhe Id °"Hfi^r Tap(s) tn the Oligomer 

The identifier tags may be attadied to diemically reactive groups 
(unmasked thiols or amines, for example) on the surface of a synthesis support 
functionalized to allow synthesis of an oUgomer and attadunent or synthesis of the 
15 ^gtudeotideidentifier'^g. Il.e tags could also be attached to monomers ^are 
incorporated into a small proportion of the oUgomer drains; or as caps on a smaU^ 
number of the oHgomer drains; or to reactive sites on linkers joimng the oUgomer 
chains to the solid support , 

in one embodiment, the solid supports will have diemically reactive 
2 0 <^oups that are protected using two different or "orthogonal" types of protecting 
ioups. me solid supports will then be exposed to a first deprotection ag^t or 
activator, removing tive first type of protecting group from, for example, ttie 
chtnicanyreactive%oupsti.at serve as OUgomer synthesis sites. Afterr^*--* 
the first monomer, tiie soUd supports will then be exposed to a second activator whidv 

2 5 removes tive second type of protecting group, exposing, for example, the chemically 

reactive groups that serve as identifier tag attadunent sites. One or both of the 
activators may be in a solution that is contacted with the supports. 

In another embodiment, the Unker joining the oUgomer and the solid 
support may have diemicaUy reactive groups protected by the second type of 

3 0 protecting group. After reaction with ^ first monomer, the soUd support bearmg the 

linker and the "growing" oUgomer wiU be exposed to a second adivator which 
removes the second type of protecting group exposing tiie site tiiat attaches die 
identifier tag diredly to the Unker, rather than attadiment directiy to the solid 

3 5 When activators or deprotection agents are incorporated into the 



wo 93/06121 



PCr/US92/07815 



23 

method of preparing a synthetic peptide library having a plurality of different 
members, each member comprising a solid support attached to a different single 
peptide sequence and an oUgonudeotide identifier tag identifying said peptide 
sequence, the method comprises: a) apportioning the solid supports among a 
'5 plurality of reaction vessels; b) reacting the solid supports with a solution in each 

reaction vessel and treating sequentially witii (1) a first activator to remove a first type 
of protective group from the soUd support (2) a first amino add or peptide to couple 
said amino add or peptide to said solid support at sites where said first type of 
protective group has been removed; (3) a second activator to remove a second type of 

1 0 protective group from the solid support; and (4) a first nucleotide or oHgonudeotide 

tag to couple said tag at sites where said second type of protective group has been 
removed; c) pooUng tiie solid supports; d) apportioning tiie pooled soUd supports 
among a plurality of reaction vessels; and e) repeating step (b) to couple a second 
amino add or peptide and a second nudeotide or oUgonudeotide tag to said solid 
1 5 support 

As noted above, the invention can also be carried out in a mode in 
which there is no soHd support, and the tag is attached directiy (or tiu*ough a linker) to 
the oligomer being synthesized. The size and composition of the library will be 
determined by tiie number of coupling steps and the monomers used during the 

2 0 synthesis. Those of skill in the art recognize that either the tag or the monomer may 

be coupled first, in either embodiment. 

Another possible embodiment is tiie use of two sohd supports, such as 
beads, that are physically linked together, one with synthesis sites 
(or linkers) for the oligomer and one with attachment sites (or linkers) for die 

2 5 identifier tags. This arrangement allows the segregation of oligomers and identifier 

tags into discrete "zones" and permits the use of widely different chemically reactive 
groups and chemistries for attachment. The solid supports can be derivatized 
separately and then linked under conditions where all or nearly all of the synthesis 
solid supports will have a tag-attachment solid support in tow. The solid supports can 

3 0 be of different sizes, as for example a large synthesis bead with several (or many) 

smaller tag-attachment beads linked. In one embodiment, the first solid support will 
have at least one attached amino add and the second solid support will have at least 
one attached nucleotide. 

The mode of linking the two beads is constrained by the chemistry of 
3 5 oligomer synthesis. The most obvious means of linking tiie beads is witii a 
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heterobifunctional cross-linking agent (for examples of such agents, see Pierce 

'2, Tr--n— f-^"-^^-^ pp.E10-E18(1991))™gwxththe 

dominant chemically reactive groups on each spedes of solid support 

«; VI rnrnflinr THpntifier Tapr Ttiformation 

' T^e choice of bases used in an oUgonudeotide identiHer tag rs dictated by 

the Aemistry of oUgomer synthesis. For example, the use of strong add to deprotect 
^tides vZld depuxinate nudeic adds. Therefore, when standard c^emismes for 
!^tide synthesis a^e employed, the pyrimidines C and T could be used m a bm^ 

t 0 Ze. iZ, in a preferred embodiment, the identifier tag wiU be an ohgopyrmudme 

In another embodiment, the labiHty of purine nudeotides to strong add 
^ay be overcome through the use of the purine nudeoside analogs sud^ as 7-deaza- 
zloxyadenosine and 7-deaza-r-deoxyguanosine (see Barr ^^^'.f^^— 

15 4-428^2 (1986), and Sdteit, 1 Tu, 1, i ^ .n1nr- ^^a^thon> .nd Binlopral Function 
;p 64^5 (John WUey and Sons, New York), both of whid^ are herein incorporated by 
rLence). Use of these or other analogs would permit the use of a quaternary or 
other, as opposed to a binary, encoding scheme. 

Information retrieval from oUgonudeotide identifier tags is possible 

2 0 through various encryption sdiemes, two of whidi are described below. ^ ^e^st, 
the OUgomer sequence information is at least in part encoded m the length of the 
oUgonudeotide. Eadi different monomer added at a given step in the oUgomer 
synthesis may be represented by an oUgonudeotide tag of unique length. The 
oUgonudeotide inherently contains amplification sites, sudi as PGR pnmmg 

2 5 sequences, diaracteristic of the given step-number in the oUgomer synthesis. 

Determination of the oUgomer composition at any given position in tiie sequence 
then involves ampUfying the tag using the PGR pruning sequence charact^istic for 
that step in the synthesis and size-separating the ampUfication products utibzmg 
tedmiques weU known in the art, sudi as gd or capiUary electrophoresis (u«ng flie 

3 0 tagging oligonudeotides as standards) This embodiment is particularly useful wheit 

one desires to make a Ubrary of compounds rdated to a lead sequent. One need only 
tag during steps in whidv a site bdng analoged is synthesized. 

In addition to length, oUgomer sequence information can also be 
encoded in tiie sequence of bases comprising the oUgonudeotide tag. This t5Te of 
3 5 encryption is of value not only in tiie embodiment in whidi one attadies a different 
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oUgonudeotide tag at each coupling step but also in the embodiment in which one 
extends an oUgonudeotide tag at each coupling step. For example, as shown in Fig. 4, 
one may use oUgonudeotides of up to about 100 bases (or somewhat longer), each 
having seven regions, as described below. 
5 Region 1 is a 3'-PCR primer site (20 to 25 bases). This site is used in 

conjunction with another PCR site (at the 5'-end of the oUgonudeotide) to prime 
amplification by PGR. Other ampUfication methods may also be used. 

Region 2 is a "step-specific" DNA sequendng primer site (15-20 bases). 
This site is specific for the particular numbered step in the synthesis series. All the 

1 0 oUgonudeotides added to aU the beads at a particular step will have this sequence in 

common. Each numbered step will have a highly spedfic primer site representing 
that step. 

Region 3 is a spacer (20-30 bases). A spacer segment of variable length, 
but preferably 20 to 30 bases long, places the coding site suffidently distant from the 
1 5 sequencing primer site to give a good "read" through the monomer encoding or 

identification region. 

Region 4 is a monomer identification region (8 bases). Each base in this 
stiing represents one bit of binary code, where, for example, T = 0 and C = 1. Each set 
of step-spedfic identifier tags consists of 8 bases with a 1 (C) or a O (T) at each of the 8 

2 0 positions. These may be thought of as switches set to "on" or "off;- at the different 

positions. Each monomer type is encoded by a mixture of 1 to 8 o"! these "switdies." 

Region 5 is a step nimiber confirmation region (4 bases plus 2 bases on 
eittier side for region distinction). Four bits in tiiis short stretch encode the step 
number. This is redundant to the sequencing primer but can be used to confirm that 

2 5 the proper .primers were used and tiiat the right step is decoded. 

Region 6 is a repeat of the monomer identification region (8 bases). This 
region has the same information as region 4, and is used to confirm monomer 
identity. Installing this second monomer encoding region also increases tiie 
probabiUty that a good sequencing "read" wiU be obtained. 

3 0 Region 7 is a 5'-PCR primer site (20 to 25 bases). This site serves as a site 

for anneaUng the second PCR primer for ampUfication of the sequence. The length of 
oUgonudeotides with all seven of these features, some of which are optional, wiU 
commonly be between 75 and 125 bases. 

An 8 bit format can encode 256 different monomer types. The number of 
3 5 steps that can be encoded is determined by the number of step-spedfic sets (8 per set) of 
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oUgonucleotides on hand. Wifli 10 sets (80 oligos) one can encode up to 256 different 
Jnomers assembled into oUgomers up to 10 units long (thus V^oji^^^^S 
capabiUty for up to 25610 = 12 x 1024 oUgomer sequences). The coded identifi^ tags 
maybe used so that each monomer is assigned a specific binary number i^-^^J 
5 00000001, Gly = 00000110, etc). IHe appropriate oUgonudeotides are combined to give 
the correct binary code. 

Vn. ^'^'-'^^^ v De -^^-^ r T^"^*^^"^ "^"^ information 

When specific beads are isolated in a receptor screening experiment, the 

0 beads «n be segregated individually by a number of ^^'."^""f^f^^^^.^. 
dilution, micromanipuladon, or preferably, fluorescence activated ceU ortmg (FACS), 
although, with respect to the present invention, FACS is more acanrately 
"fluorescence acdvated oUgomer or soUd support sorting" (see Methods m Cell 
Biology, vol. 33 (Daizynkiewicz, Z. and Crissman, HA., eds.. Academic Press); and 

5 i;;;g^dHerzenberg,T Tmmn.ol. Methods 52:1-14 (1982), both incorpora^d h^^ 
byrLence). Once the desired beads have been isolated, one needs to identify the tag 

to ascertain the sequence of the oUgomer on the bead. - ^ 

To fadUtate tag identification, one has a variety of options. For instance, 
one could read the tag directly from the bead by sequencing or hybridization, if die tag 

0 is an oligonucleotide. One can also amplify oligonucleotide tags to fadktete tag 
identification. The oUgonudeotide identifier tags carried by a single sohd support or 
OUgomer can be ampUfied in vivo, by cloning, or in vitm, e.g. by FCR. If the Imut of 
defection is on the order of 100 molecules, then at least 100 or more copies of^ch 
OUgonudeotide tag on a bead would be required. Copies of tiie tag are produced, 

.5 either as single stranded oUgonudeotides, double-stranded nudeic adds or mixtures 
of angle and double^iranded nudeic adds, by any of a variety of methods, several of 
whidi are described below, and the ampUfied material is sequenced. In the 
embodiment of tfxe mvention in whidi a separate and distinct oUgonudeotide tag is 
added at eadv monomer addition step (as opposed to extending an existing tag at eadi 

3 0 step), one can ampUfy aU tags at once and then divide tiie amplified material mto as 
many separate sequendng reactions as fliere were oligomer synthesis steps 
(empbying a different sequendng primer for eadi type of tag). In this embodunerrt, 
one could also design the tags so that eadx tag could be ampUfied separately from the 
other tags by appropriate dioice of primer sequences. The sequendng reactions are 

3 5 performed and run on a standard sequendng gel, and the oUgomer sequence is 
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deduced from the code revealed in the resulting sequence information. 

An alternative strategy is to use common PCR primers and common - 
sequencing primers (the sequencing primer may even overlap completely or partially 
with a PCR primer site) and identify the step by hybridization to oligonudeotide 
5 probes that are complementary to each step-specific sequence in the oligonucleotides 
from the bead. A single set of sequendng reactions is performed on all of the 
amplified oUgonudeotides from a single bead, and the reaction products are run in a 
single set of lanes on a gel. The reaction products are then transferred to a suitable 
hybridization membrane and hybridized to a single step-specific probe (see Maniatis et 
1 0 al.. Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1982), which is 

incorporated herein by reference). After detection of the resulting signal, the probe is 
washed from the membrane and another step-spedfic probe is hybridized. One could 
also use the procedure described in EPO pubUcation No. 237,362 and PCX pubUcation 
No. 89/11548, each of which is incorporated herein by reference. 

1 5 Parallel hybridization provides an alternative to sequential 

hybridization. The sequendng reactions are divided into a number of aliquots equal 
to the number of peptide synthesis steps and run in a separate set of lanes for each on 
the sequencing gel. After transfer of the reaction products to a suitable membrane, the 
membrane is cut to separate the sets of lanes. Each lane set is then hybridized to one 
20 of a plurality of step-spedfic oUgonucleotide probes (see "Uniplex DNA sequendng" 
and "Multiplex DNA sequendng," in PIpx Luminesr pnt Kits Product Catalog, Bedford, 
MA, 1990, incorporated herein by reference). 

As noted above, a single synthesis solid support (or an attadied bead 
bearing a tag, or in solution in a "weU") may only comprise a few hundred copies of 

2 5 each oUgonudeodde tag. These tags may be amplified, e.g., by PCR or other means 

well known to those skilled in the art, to provide suffident DNA to be sequenced 
accurately. The ability to decode the oligomers depends on the number of available 
oUgonucleotide identifier tags, the levd of amplification that can be achieved from 
the available tags, and ttie accuracy of sequencing titat amplified DNA. 

3 0 The most commonly used in vitro DNA amplification method is PCR. 

Alternate amplification methods indude, for example, nudeic add sequence-based 
amplification (Compton, Nature 350:91-92 (1991), incorporated herein by reference) 
and amplified antisense RNA (Van Gdder et al., Prnc Nat. Acad. Sd. USA 85:7652- 
7656 (1988), incorporated herein by reference), and the self-sustained sequent 
3 5 repUcation system (3SR, see GuatelU g£ al., Prnc. Natl. Acad. Sd. USA §Z: 1874-1878 
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a990) incorporated herein by reference). , j 

(1990), mcorp ^^^^^ ^ ^ oUgonudeotide identifier tag is employed, one 

xnay encounter TCR product contamination," caused by the produ^ of one PGR 
^ITn contaminating a subsequent PGR reaction mixture design^to amp^ o*er 
5 L having the same PGR primer binding sites. One may prevent th« problem by 
labiUty into the productsequences and treatingsubse^^^ 

" destroy potendal contamination carried over from previous re^nor. A speafic 
^pIeLthisstrategy,forwhichcommerdalldtsaresoldbyPEaandI^^ 
Tedllogies, is to introduce dUMP into the product. Treatmg eadv new PGR reaction 
10 ^^^-^-glycosidase degrades any dU^ontainingDNApre^^ 

location oYthe contaminant The template DNA, wMd. con^^^^^ 
dT) is not affected. Of course, the glycosidase is removed or mactivated before 

^^"i^lr^e tags described above for peptide synthesis have the unusual 
15 d^aracteristic of containing only pyrimidines. IMS means ti^t^ej^^^^ 
strategy (Perkin Elmer Cetus Instruments (PEGl) Gatalog, Alameda (1991), 
incorporated herein by reference) wiU work on only half of the stra^is P^oduced- 
TsLntaining Ts (or U's). One cannot introduce dUMP into tije complementary, 
purin^nly strand; however, Ae purine strand is highly vuln^able to aad 
20 depurination and alkaline-mediated session of the badcbone. ^he combmat:on ^ 
thTse treatments can greatiy reduce problems with product contammation. Another 
approadi to preventing carryover contamination involves incorporation of a 
Ttriction site (E^I could be used for polypyrimidine tags) into &e ol^gonudeotide 
tag and digestion witit the corresponding restridion enzyme prior to amplification of 
25 afeactionsuspededofbeingcontaminatedwiththetag-mmefl^ 

the tag to be amplified will not be deaved by the enzyme, as would generally be the 
case for a single stranded oHgonudeotide tag. 

For sequencing amplified DNA, one usually desires to generate smgle 
stranded templates. This generation may be accomplished by any of several means 
3 0 One sud^ means is asymmetric PGR, where an excess of one of &e primers is used to 
amplify one strand to a level 10 to lOO-fold higher than the other (see, for example, 
U S. Patent No. 5,066,584, incorporated herein by reference). Another means of 
providing a single stranded template is to by biotinylate one of the primers and punfy 
or remove the resulting strand by adsorption to immobilized streptavidm (^ 
3 5 r ^^r^r.^. ^ Cat.10. and Handbo ok. 1991, incorporated herem by reference). 
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Yet another means involves generation of RNA transaipts (representing only one of 
the strands) from an RNA polymerase promoter and sequencing the transcripts with 
reverse transcriptase (Sommer et al.. Chapter 25, In PCR Protocols: A Guide to 
Methods and Applications. supra> incorporated herein by reference). If the tags are 
5 composed of only pyrimidine nucleotides, then all purine strands can be eliminated 
by add/base treatment, leaving the pyrimidine strand for sequencing. 

The use of separate seqiiendng primers for each step-specific 
oligonucleotide requires a separate, conventional sequencing reaction for each step- 
specific primer. Using primers that are differentially labeled would allow the 
1 0 identifier tags from a single solid support to be sequenced in a single reaction and run 
in a single lane set (2 lanes) on a gel. There are now commercially available primers 
labeled with distinguishable fluorophores that are suitable for this purpose (ABI 
Catalog, incorporated herein by reference). Sets of chemiluminescent labels now 
distributed commercially may also be used (Bronstdn et aly BioTechniques 8: 310-314 

1 5 (1990), incorporated herein by reference). 

DNA sequencing enzymes which may be employed in the present 
invention include Tag DNA polymerase, E. coli DNA polymerase I (or the Klenow 
fragment), T7 polymerase, SequenaseTM and Sequenase hTM (Modified T7 DNA 
polymerases), M DNA polymerase, and reverse transcriptase (from AMV, MMLV, 

2 0 RSV, etc., see USB Enzymes for DNA Sequendne, U,S. Biochemical Corp, 1991, 

Cleveland OH, incorporated herdn by reference). 

The sequence of an oligonudeotide tag may also be identified by a high 
fideUty DNA hybridization technique. To this end, very large scale immobilized 
polymer synthesis with oUgonudeotides may be useful (see PCT patent publication 

2 5 Nos. 92/10587 and 92/10588, each of which is incorporated herein by reference). 

VIIL Screenine Receptors with Synthetic Oligom er Libraries 

The tagged syntiietic oligomer libraries of tiie present invention will- 
have a wide variety uses. By way of example, these libraries can be used in 

3 0 determining peptide and nudeic add sequences that bind to proteins, finding 

sequence-specific binding drugs, identifying epitopes recognized by antibodies, and 
evaluating a variety of drugs for dinical and diagnostic applications, as well as 
combinations of the above. Peptides as short as about five amino adds long might be 
useful in receptor-binding studies, for example. 
3 5 Synthetic oligomers displayed on small beads can be saeened for the 
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.biUty » bind » • r«ep«.r. Tl« re=ep«r may be contacted fte '""XLieomer 
IS^C oUgomers, fom>ii« a bound member between an the oUgomer 

rTbindL^ceptor. The bound mender nuy then be .dentied. A. one 

— '^^r.l^l—tr^^l.Wsdl.Uy^U^a.cn 

^ctlon^thehbtaL^th^— ^n.^^^ 
a surface on which a receptor has been immobiiized (see i-^ i paien F 
^^^^S^incorporatedhereinbyreference). wash^g t„ ^^-^^^^^^ 
one can then elute beads bound to the surface usmg conditions that reduce fte avidity 
of the oUgomer/receptor interaction Oow pH, for example). The process of a&nity 
:i:;:'rcanLepeatedwiththeelutedbeads,ifd ^^fy-^^X^^ 
beac^e physicaUy separated, for example, by limited ddution, by FACS, or by 
Ithods Liar to those in which cells are incubated with a receptor coupled to small 
superparamagneac beads and then cdls expressing a Ugand for the re«p^ ^ 
JZea using a high power magnet (see Miltenyi ^ ^ Q^m^ ^^^w 
incorporated herein by reference). Magnetically selected cells <^ be further analyzed 
and sorted using FACS. Radionudeotides may also serve to label a recepto. 

Alternatively, the present invention can be used to generate kbranes of 
soluble tagged oUgomers, which can be used with a variety ^^^^"^^ 
instance, Z oUgomer library can be synthesized on beads with -^^-^^^^ 
encoding the oUgomer sequence. The miaoscopic beads are placed m "^J^^idiid 
^Iparlents or wells that have been "nanofabricted" in a sUicon or o^^^^We 
surfTce. The oUgomers are deaved from the beads and remam contamed withm the 
compartment along with the bead and the attached identifier tagCs)^ ^ , 
^bodiment, the "ottorn surface is coated with the receptor, and ^^er ^^^^ ° 
^ding buffer and a known Ugand for that receptor that is ^-^^^^^y^fj^^' 
effectively has a solution phase competition assay for novel ligands for the receptor. 
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The binding of the fluorescendy labeUed Hgand to the receptor is estimated by mnfocal 
imaging of the monolayer of immobUized receptor. Wells with decreased 
fluorescence on the receptor surface indicate that the released oligomer competes with 
the labelled ligand. The beads or the tag in wells showing competition are recovered, 
5 and the oUgonucleodde tag is amplified and sequenced to reveal the sequence of the 
oligomer. 

The beads are loaded m the wells by dispersing them in a volume of 
loading buffer sufficient to produce an average of one bead per well. In one 
embodiment the solution of beads is placed in a reservou" above the wells, and the 
1 0 beads are allowed to settle into the wells. Qeavage of the oligomers from the beads 
may be accomplished using chemical or thermal systems, but a photodeavable system 
is preferred. 

Recovery of identifier-tagged beads from positive wells may be 
effectuated by a micromanipulator plucking out individual beads. However, a 

1 5 preferred mode involves the use of beads that have been previously labeUed with a 

fluorescent tag. A laser of the appropriate wavelength is then used to bleach the 
resident beads in only the positive wells. All the beads are then removed en masse 
and sorted by FACS to identify the bleached positives. The associated tags may then be 
amplified and decoded. 
20 In a variation of this assay, the oligomer and tag may be synthesized 

attached to a common linker, which, in turn, is boimd to the solid support. After 
placing the beads in die wells, one can cleave the linker from the bead, producing a 
tagged oligomer in solution. An immobilized receptor, such as a receptor bound to a 
bead or a receptor immobilized on one surface of the well, can be saeened in a 

2 5 competition assay with tiie oligomer and a fluorescently labeled Ugand. Instead of 

recovering the beads, one may recover the beads bearing immobilized receptors and 
sort the beads using FACS to identify positives (diminished fluorescence caused by the 
library oligomer competing with the labeled ligand) or one can determine the 
fluorescence emitting from the well surface coated with receptor. The associated 

3 0 identifier tag may then be amplified and decoded. 

In a third variation of this approach, soluble tagged oligomers, produced 
either by cleavage of the Unked oligomer and tag from the solid support as described 
above, or synthesized by theVLSIPSTw method described above, or synthesized in 
solution without a solid support, are incubated with an immobilized receptor. After a 
3 5 wash step, the botmd, tagged oligomers are released from the receptor by, eg., acid 
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treatment Ihe tags of thebound oUgomers are amplified and decoded. 

^ coupling steps for so Jof thTlnonomer sets (^o adds, for 

5 example) require a lengthy incubation time, and a system for p^nm^^ 
LoLadTaonsinparanelisdesirable Thiscanbeaccomphsh^wxm^^ 
^Imated instrument able to perform 50 to 100 parallel reactions (chann Is). Su^ an 
^^t is capable of distributing the reaction mixture or slurry of synthes^^hd 
"plunder programmable control, to the various d^annels for poobng, mx^g, 

,0 -^^«^~^,^,„^,ealofpeptidesynthesiz.sisre^^^^^^^^ 

large number of reservoirs for the diversity of monomers and the number of tags (up 
t^SforalOstepsynthesis,inoneembodiment) employed. The tag d^pe^mg 
capabiKtywiU translate shnple instructions into the proper mixture of tags ^d 

15 ^fthatmixmre. Monomer buUding blocks wUl also be dispensed, as des.ed, as 
specified mbctures. Reaction agitation, temperature and time control 
provided. An appropriately designed instrument may also serve as a multi^amtel 
pl^de synthesi;^ capable of producing 1 to SO mgs (crude) of up to 100 speaftc 
r^tittr assay p4osas. see PCrpatentpubHcation91/17823,in»^^^^^^ 

20 by reference. 

EXAMPLEI. SYimiESISONGLASSBEADSOF4FLUORESCENTLYTAGGED 

PENTAPEFTIDES 

A Dprivatizati "" nf Glass Beads 
, , About 0.5 g of 3-10 urn diameter siUca beads (Polysdence) were washed 

vridtrefluxing 10% aqueous HN03 for 20 min. The beads were pelleted and washed 

with distilled water (5x) and methanol (3x) and dried at 125 degrees C for 12 hours. 

Beads were vortexed with a 5% solution of aminopropyltriethoxysilane m acetone for 

10 hours, peUeted and then washed with acetone (2x), ethanol (5x), and "ethylene 
30 ddoride(2x)anddriedatl25degreesCfor45min. Beads were suspended m diyDMF 

(1 xnD containing diisopropylethylamine (17 m1, 100 

b-alanine, pentafluorophenyl ester (200 mg, 420 pmoles, Fenmsula Labs) m distdled 
water (1.5 mL) was added. After vortex treatment for 11 hours, the beads were 
pelleted and washed with DMF (3x) and methylene dUoride (2x). Beads were treated 
3 5 with a 10% solution of acetic anhydride in DMF containing 0.05 mol of 4r 
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dimethylaminopyridine to cap any underivatized aminopropyl groups, and then 
washed with DMF (2x) and methylene chloride (2x). Beads were vortexed with a 20% 
solution of piperidine in DMF and the release of the Fmoc-pip6ridine adduct 
quantitated by monitoring the absorbance spectrum of the supernatant at 302 nm 
5 (^302 = 7800 M- 1 cm- 1). An estimate of the degree of substitution of 10 ^imoles of 
amino groups /g beads was thus obtained. Finally, the beads were washed with 
ethanol (5x) and methylene chloride (2x) and then dried at 85 degrees C for 12 hours. 

B. Preparation of Boc-Gly-L-Phe-L«Leu-OH 

1 0 Glycyl-L-Phenylalanyl-L-leudne (552 mg, 1.5 mmol, Bachem) was 

dissolved in a solution containing distilled water (10 mL) and 1 M NaOH (1.5 mL). 
The solution was cooled in an ice bath and was treated with a solution of di-tert43utyl 
pyrocarbonate (337 mg, 1.5 mmol) in p-dioxane (12 mL). A white precipitate rapidly 
formed but redissolved after stirring^at room temperature for 4 hours. The solution 

1 5 was concentrated to dryness in vacuo, the residue taken up in water (5 mL), and the 
pH adjusted to 2.5 by the addition of 1 M KHS04^ The aqueous suspension was 
extracted with EtOAc (2x, 15 mL), the organic layer separated, and dried over MgS04. 
After removal of the solvent in vacuo, the residue was triturated with hexane to 
afford Boc-Gly-L-Phe-L-Leu-OH as a white solid (yield=642 mg, 98%). 

20 

C. Preparation of Gly-L-Phe>L-Leu Beads 

Boc-Gly-L-Phe-L-Leu-OH (44 mg, 0.1 mmol), benzotriazoH- 
yioxytris(dimethylamino)phosphonium hexafluorophosphate (44 mg, 0.1 mmol) and 
1-hydroxybenzotriazole hydrate (14 mg, 0.104 mmol) were dissolved in dry DMF (1 

25 mL). Diisopropylethylamine (20 nl, 0.115 mmol) was then added and 0.65 mL of this 
solution was immediately transferred to a microcentrifuge tube containing 80 mg of 
amiru) derivatized glass beads. The sealed tube was vortexed for 3.5 hours, and the 
beads were then pelleted and washed with DMF (3x) and methylene chloride (2x). 
The beads were then deprotected with a 50% solution of trifluoroacedc add in 

30 methylene chloride for 30 min., washed with methylene chloride (2x), ethanol (2x), 
and methylene chloride (2x), and dried at 55 degrees C for 1 hour. 



D. Preparation of Glv-Glv-L-Phe-L-Leu Bea H<; (^n ID NO:10^ 

Fmoc-glydne pentafluorophenyl ester (46 mg, 0.1 mmol) was dissolved 
35 in dry DMF (1 mL) containing diisopropylethylamine (17 0.1 mmol). About 0.65 
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rnL of this solution was added to 20 mg of Gly-L-PheL-Leu beads m a microcantafuge 
tube and the tube was vortexed for 3 hours. beads were peUeted and washed 
:^'S^(4x)andn.thyienecWoride(2x). Deprotection was effected by ™t 
Zith a 20% solution of piperidine in DMF for 30 min. Il^e beads w^e washed w^ 
DMF (2x), ethanol (2x), and methylene chloride (2x) and dried at 60 degrees C for 4 



hours. 



E. i3>^ p..:.Hnn nf T-Pr ^-^ Y-T -PWT -T pn Rpads fSF.O TP NO:U) 

Fmoc-L-proIine pentafluorophenyl ester (50 mg, 0.1 mmol) was 
dissolved in dry DMF (1 mL) containing diisopropylethylamine (17 nl, 0.1 mmol). 
About 0.65 mL of this solution was added to 20 mg of Gly-L-Phe-L-Leu beads m a 
nucrocentrifuge tube, and the tube was vortexed for 3 hours. The beads w- P^ete^ 
ar^d washed with DMF (4x) and methylene chloride (2x). Deprotection w^ effectedby 
treatment with a 20% solution of piperidine in DMF for 30 ^ J^ ^^'^ 
washed with DMF (2x), ethanol (2x), and methylene chloride (2x) and dned at 60 
degrees C for 4 hours. 

F pyr^r^crPin Stain^^ ^ »f '^-iv-r.lv-L-Php-T-T^u Beads . 

About 5.4 mg of Gly^^y-L-Phe-L-Leu beads were suspended m 450 id of 
aqueous borate buffer (pH 8.5) and 54 Ml of a 10 jiM solution of fluorescein 
isothiocyanate (FIlC) added. After vortex treatment for 1.5 hours tl^ beads were 
washed withbuffer (5i), ethanol (2x), and methylene chloride (2x)^ ^""^If^f 
indicated that approximately 10% of available amino groups had been titrated with 

FTTC. 

G. rn-rnnplinpr r.f T.-Tyrosinp and Biotjn, to 

i,vw.nprf Glv-Glv-f .-PhP-T,-Leu Bead? ri,,^i„T 
5 mg of EEIC labelled Gly-Gly-L-Phe-L-Ieu beads and 5 mg L-Pro<;iy-L- 
Phe-L-Leu beads were mixed together in a single tube, vortexed with a 0.1 mM 
solution of diisopropylethylamine in methylene chloride, and the susper^ion was 
divided into two equal portions. "H^e beads were pelleted, and to one PO^on w^ 
added a solution containing Fmoc-O-tert-butyl-L-tyrosine pentafluorophenyl ester (59 
me,95iunol),N-hydroxysuccinimidobiotin(1.7mg,5Mmol)and 
diisopropylethylamine (17 m1, 100 ^mol) in dry DMF (1 mL). After vortexing for 3 
houK the beads were washed with distilled water (2x), ethanol (2x), methylene 
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chloride (2x) and DMF (Ix). Fmoc deprotection was effected by treatment witfi a 20% 
solution of piperidine in DMF for 30 min., and tert-butyl side chain protecting groups 
were removed by treatment with 25% trifluoroacetic acid in methylene chloride for 30 
min. The pelleted beads were washed with methylene chloride (2x), ethanol (2x), and 
5 TBS (Ix). 

H. R-PhvrnPrvthrin f,taining of Rintinvlated I -Tyr-rniv/L-ProV-Clv-L-Phe-L-Leu 
Rparis rMixture nf SKO TP NO T? ;.nH fiVn ID NO:13^ 

Biotinylated L-tyrosine beads from (G) above were suspended in TBS (0.5 

1 0 mL) and treated with 10 \i\ of R-phycoerythrin-avidin conjugate (Molecular Probes) 

for 30 min. Pelleted beads were washed with TBS (5x). 

I. ro-rnii plin^ of T-ProUne a nd Biotin to Mixture of L-Pro-Gly-L-Phe- 
T-T/.n and FTTC lab piipH mv^^lv-L-Phfi-T.-Leu Beads (Mixture OffW IP 

15 pnH SPniPNO:141 

5 mg of a mixture of L-Pro-Gly-L-Phe-L-Leu and FTIC labelled Gly-Gly- 
L-Phe-L-Leu beads were treated with a solution containing Fmoc-L-proline 
pentafluorophenyl ester (48 mg, 95 funol), N-hydroxysucdnimidobiotin (1.7 mg, 5 
\imo\), and diisopropylethylamine (17 ^1, 100 jmiol) in dry DMF (1 mL). After 

2 0 vortex treatment for 3 hours, the beads were washed with DMF (2x), ethanol (2x), 

methylene chloride (2x), and DMF (Ix). Fmoc deprotection was effected by treatment 
with a 20% solution of piperidine in DMF for 30 min., and by way of control, the 
beads were treated with 25% trifluoroacetic acid in methylene chloride for 30 miiu 
The pelleted beads were washed with methylene chloride (2x), etiianol (2x), and TBS 
25 (Ix). 

J. TrUColor Staining of Biotinylated L-Pr n-fOlv/L^roVGly-L-Phe-L- 
Leu Beads 

Biotinylated L-proline beads from (i) above are stisperuied in TBS (0.5 

3 0 mL) and treated witii 20 Tri-Color: sbreptavidin conjugate (Caltag Labs) for 30 nun. 

Pelleted-beads are washed with TBS (5x). 
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K. ftplpption of Bpads Containing Peptid e Ligands for Monoclonal Antibody 3E7 

Monoclonal antibody 3E7 was raised against the opioid peptide beta- 
endorphin. The binding specificity of MAb 3E7 has been weU characterized by 
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10 



15 



solution assays with chemically synthesized peptides. The eq^um 
constants (Kd) of the peptides considered here are as foUows: VGGFL « 6^6 1^; and 
YPGFL, PPGFL, and PGGFL are each >1 mM; thus, only the peptide YGGFL shows 
appreciable affinity for the antibody. 

Amixture of beads containing either YGGFL, YPGFL, PGGFL, or PPGFL 
and thdr respective tags (see above) are added in phosphate buffered s^e (PBS) 
containing monoclonal antibody 3E7 that has been previously conjugated to colloidal 
superparamagnetic microbeads(MatenyiBiotec West Germany). Aft^al6hr 
inLLn at 4 degrees C, beads which bind the 3E7 antibody are selected usmg a high 
strength magnet. The selected beads are then analyzed by flow cytometry. Analysisof 
the selected beads reveals that they contain both fluorescein and R-phycoerytimn, 
indicating that only beads displaying the peptide YGGFL are selected by the 3E7 
antibody. 

EXAlvIPLE 2: SYNTHESIS ON GLASS BEADS OF 4 PENTAPEFTIDES TAGGED WTIH 
OUGONUCLEOTIDE IDENTIFIERS 

A t^ yT^rt^Psis of THpnrifipr Qlijron^rlpntiHPS m-dV) 

The oUgonucleotide identifier tags (D-(IV) have the sequences shown 
below. The regions complementary to the 5' and 3' PGR primers are underlined. The 
regions complementary to the step^pedfic sequencing primers are shown m lower 
case: thex« are two steps in this example. ^ -«---^°^S/tCi^ 
bold type: CT7 encodes Gly, TCT6 encodes L-Pro, and TTCTs encodes L-Tyr m this 
case. Thusoligos(I)-(rV)coderespectivelyforGlyinposition2,L-Proinposition2,L- 

Tyr in position 1, and L-Pro in position 1. 
25 a) T ?^P^ r-r^-rTrrrCTCCCTCTrnCTCCI^Cn 1 1 H I'CTC 
CnCl I i 1 i 1 iC TCTCCCTCnOCCTCn'CTCccdttctctcctttc 
^rrcTrCTCrrrcir^CTrTCC- y (SEQIDNO:!) 

(ID 5- T^ip9 r--rtT-rTT-rrTrTrrCTCTTTTCTCCTCTT<-liiixiCrC 

30 en ici 1 1 1 1 ic rcrcccrcTcrccTcrcTCccctttctctcctttc 

r ^rrc-TCCTCTrrrrcTTCTrTCC- y (SEQIDNOi) 

(m) 5'-BiB2OTCT£aci]Q^imiiseao^ 
crrrrCTirrrcicicccTCTCTCCTCTCTCtcttcctttcccctct 

35 rir\r^--r-^'^'^'^<^^^^<^-^' fSE0IDN03) 



20 



wo 93/06121 



PCr/US92/0781S 



37 



(IV) g-«lH2^rrTr TTrrTCirCC TrTTTTCT 1 1 1 1 ICTC 

Ci ' l ' lCl 1111 IC TCTCCCTCTCTCCTCTCTCtcttcctttcccctct 
.f^. trrTrTrrTrTrTCTCTrcnTCC- 3' (SEQIDN0:4) 
5 where: Bl =p-Maleimido-C6H4-(CH2)3-C(0)NH-{CH2)6-0-P02-0-, and b2 = CH2- 
CH[(CH2)4-NH-Biotin]-CH2-0-P02-0-. 

Oligos (IHIV) are synthesized on an ABI PCR-mate synthesizer using 
conmierciaUy available (Sigma) DMT-OMe phosphoramidites. The N4-ainino group 
of cytidine is protected as the benzoyl derivative. The 5" terminal (Bl) and 

1 0 penultimate (B2) phosphoramidites are respectively N-MMT-C6-AminoModifer 

(Clonetech) and Biotin Phosphoramidite (Glen Research) for each oligonucleotide. 
The fully protected O-methyl phosphotriester oligomers are cleaved from the CPG 
support by treatment with concentrated NH4OH at 25 degrees C for 1 hour. The crude 
products are purified by affinity chromatography on a monomeric avidin-agarose 
1 5 column (Pierce), and the full-length material is eluted with 2 mM biotin. The 5'- 
MMT group is removed by treatment with 80% acetic add for 1 hour at 25 degrees C, 
and the solution is evaporated to dryness. The products are dissolved in PBS, pH 8.0, 
and treated with a 50-fold excess of sucdnimidyl 4-(p-maleimidophenyl) butyrate 
(Pierce) in DMF for 30 mia The modified, protected oligonucleotides are desalted by 

2 0 RP-HPLC, lyophilized and stored under nitrogen. 

The primers used for PGR and sequencing are prepared in the normal 
fashion and are shown below: 

5' PGR Primer 5'-TCCTCrCCCTCTnTCTCCTCT-3' (corresponds to 

bases 7-28 of SEQ ID N0:1) 
25 3- PGR Primer 5'-Biotin-GGAAAGAAGAGAGAGAGGAGAGG-3* (SEQ 

IDNOS) 

Step #1 Sequencing Primer 5'-AGAGAGGGGAAAGGAAGA-3' (SEQ ID 

NO:6) 

Step #2 Sequencing Primer 5'-AGGAAAGGAGAGAAAGGG-3' (SEQ ID 

30 NO:7) 

B. Prpparation of niy-Glv-L-PhP-T.-Leu Bead s Bearing Identifier OUgo (D 

5 mg of Gly-L-Phe-L-Leu beads are treated with a solution containing 
Fmoc-Gly-OH (99.95 ^mol), Fmoc-Cys(Npys)-OH (0.05 Minol, Galbiochem), 
35 benzotriazol-l-yloxytris-(dimethylamino)phosphonium hexafluorophosphate (100 
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uirtol) l-hydroxybenzotriazole hydrate (100 nmol), and diisopropyleAybiaune (150 
Zo 'il^D^(lmL)for2hours. T^e beads are washed with DMF^) ax^^ 
^i LetZol (2x) and then treated with a 10 mM DTT solutxon m met^ol for 30 
!r tTdeprotect L cysteine residues. The beads are quickly washed witiv ice-cold 
. ^omrpeie J, and then reacted for 20 min with 100 jxl of a 0.1 mM solution 

S^ebLaredeprotectedfor20mi.with20%piperidineinD^^ "T^^.tdlfed 
Z washed with DMF {2x), methanol (2x), and then methylene chlorxde (2x) and drxed 

at 45 degrees C for 1 hour. 

5mgofGly-L-Phe-L-Leubeadsare treated as in (b) above, substxtutmg 
Fmoc-L-Pro<)H and Oligo (H) for Fmoc-Qy-OH and OUgo Q), respectively. 

15 D. Vr.^^r.^nnomm T Tyr riy^T-Prol-QY-TrFhe-VU^BMdsJgamg. 
TH^p t^fjpr OUg "" fT" and I/ID 

Beads from ^)^d(c) are pooled and divided into two equal po^ns. 
one portion is treated as in (b), substituting Fmoc(OtBu)-L.Tyr^H and Ohgo (HI) as 
appropriate. 

The seomd pool is treated as before, substituting Fmoc-L-Pro-OH and 
Oligo CIV) as appropriate. 

F Pn.»nctit„rinii a" ^ n^prnhrtinn of the Ppptide I^ibrary 

Beads from (d) and (e) are pooled, and the phosphate, amino acid side- 
chain, and nucleotide exocycUc amino protecting groups are removed as follows A 
one hour treatinent with a 1:2:2 mixture of thiophenob ^iethyl^e: P— - 
foUowed by washing the beads with methanol (2x) and then methylene J ' 
and then the beads are treated for 5 min. with 95:5 trifluoroacetic aod: eft^dxthu,!. 
After a wash with methanol (3x), the beads are treated at 55 de^ C 
ethylenediamine: ethanol for 1 hour and then washed first with etharK,I (2x) and 
thenwitiiPBS(2x). Tbis coUection of beads constitutes ti.e hT^r^d^U^^ 
approximately equal quantities of the 4 immobilized peptides YGGFL, YPGFL, PGGFL 



30 
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and PPGFL. Additionally, each bead carries two distinct 113 bp oligonucleotide 
sequences encoding the identities of both tiie first and second amino acids of the 
peptide on that bead- 

G; pCR Amplifiration of Oligonucleo tiHp THpntifier Tap 

After a FAC sort of affinity purified beads into individual 0.5 mL 
polypropylene tubes, 25 jil of TBS containing 0.1 tig salmon sperm DNA (as carrier) 
are added together with 25 til of 2X PCR Amplification Buffer (FECI) to each tube. The 
2X buffer contains: 100 mM KQ; 20 mM Tris-Cl pH 8.4, 20 degrees C; 6 mM MgQz; 
0.4 mM dNTP*s; 1 of 5' PCR primer; 1 tiM of y PCR primer; and 100 unite/ ml Taq 
DNA polymerase. 

After buffer addition, the sample is covered with 50 \d of mineral oil and 
transferred to an automated thermal cycler. In the thermal cycler, the samples are 
heat denatured at 95 degrees C for 2 min., and then cycled 35 times through 3 steps: 95 
degrees C/30 sec, 60 degrees C/1 min., 72 degrees C/1 min., which steps are followed 
by an incubation at 72 degrees C for an additional 5 min. and then the tubes are cooled 
and held at 15 degrees C until ready for processing on streptavidin beads. The 
mixture is heated to 95 degrees C to denature the strands, and the biotinylated purine 
strand and excess 3' PCR primer are removed by addition of streptavidin-coated beads. 
The tubes are centrifuged at 12K rpm for 5 min. The supernatant is used in the 
sequencing reactions, as described below. 

H. Se quencing of PCR Am plified Oligonucleotide Tags 

The amplified oligonucleotides from individual bead isolates are 
sequenced in a pair of reactions (using ddA or ddG as chain terminators) witii either 
the Step #l-specific or tiie Step #2-specific sequencing primers. 

To anneal tiie template and pruner, for each set of two sequencing lanes, 
a single annealing and subsequent labeling reaction is run by combining 8.5 \il of 
sequencing primer (conc.= 0.25 pmol/nl), 1.5 \il Sequenase™ 5X sequencing buffer 
(200 mM Tris HQ, pH 7.5; 100 mM MgClz; and 250 mM NaCl), and 10 \d of template 
DNA from the amplification supernatant above. The samples are heated for 2 
minutes at 65 degrees C and allowed to cool slowly to room temperature (approx. 10 
minutes). 

The labeling reaction is performed as follows. Sequenase^" (v2.0) is 
dUuted 1 : 20 witti TE (10 mM Tris HQ, pH 7.5; and 1 mM EDTA), and a labeling 



wo 93/06121 



PCr/US92/07815 



40 



, M • „^ ^ 7 ■ ^ s ratio of diluted enzyme to labeling mix (i.e., a 4 : 2 : 1 
™d. Abou, 5.5 m of tha codctatt axe tac„battd wl* 10 Ml of .-»«led 

c ■ihetenDliiationreaclio.sarep.irfonncdasfoUows. 6Mlofl*elmg 

^.cto nuxBKe a« added to 5 ,1 of each of fl« appropriate d<^ »m^ 
reacuui on ..x/f HCTP 80 uM dATP, 50 mM NaQ, and 8 mM ddGTP or 8 

^.mde, 20 mM EDTA, 0-05% bromophenol blue, and 0.05% xylene cyanol) 
10 are added to each of the termination reactions. 

The sequencing gel is comprised of 6% total acrylamide (191 
acrylamide/bis), 0.09 M Tris base, 0.09 M boric add, 1 mM EDTA,^d 7 M urea. The 
g^^lymeri;edbyaddiUonofl.9^aof25%am^ordumper^^^ 

^of^TDpermLofabovegelsolution. ^^^^'^ ^^^^^^^^'T^''^^' 
1 5 one hour and is prerun at least 20 minutes prior to sample ^^S- Gdp^tes are 

then maintained betv^een 40 and 50 degrees C prior to and dunng the nm. 

Reactions ai« heated to 85-95 degrees C for 2 minutes prxor to loadmg 

and the gel is rurt until the bromophenol blue dye reaches the bottom of the gel. ^ 

^LZl of interest run between the bromophenol and xylene cyanol -arkers^l^ 
20 Jllfrequired to identify the sequence of 

to the bead is contained in the DNA sequence information. 

EXAMPLES: PARALLEL SYNTHESIS OF PEPTIDES AND OUGONUCLEOTIDE 
TAGS ON CARBOXYL BEADS 

" ^ ^-^^I^S^^^^Kosphorami.^^ 

of (1) N6-(aUyloxy)carbonyl.7-dfia2a-2-.dfiOxyadenosine; (2) N4<aUyloxy)ca.bonyl-2- 

deoxy-cytidine; (3) N2.(allyloxy)carbonyl-7-deaza-2-.deoxygua^^^ 

thynLL (see Figure 6), are prepared according to the procedures o Hay^awa fit 

30 T 'rr r r^^n,. Soc. 112: 1691-1696 (1990), incorporated herein by reference). 

B p^>,Nr.H.;n^ r.ar>^»v Y' ^^'^'^^ With a Diamine Lirf^gC 

^^^;^kon oi a bifunctional bead material for parallel synthesis of 
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pepades and oUjonudeoddes is m„sttated 1« Hguie 7. Tl-ree 50 mg aU^« of « 
iJ;di.meterpolystym»/polydlvMylbe™»e/pol,methytaetacqrb^^^ 
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(Bangs' Laboratories) were each placed in a separate microcentrifuge tube and treated 
as follows. First, the beads were treated with 0.1 N aqueous HCL (3 mL) and stirred by 
vortexing for 15 minutes. The beads were then pelleted with a microcentrifuge, the 
liquid supernatant decanted, and the remaining bead peUet successively washed (by 
vortexing, peUeting, and decanting: a process referred to as "washed") with water (3 x 
1 mL) and dimethylformamide (DMF, 3x1 mL). 

The compounds 2-(lH-benzotria2oH-yl)-l,l,3,3-tetramethyluronium 

hexafluorophosphate (HBTU, 38 mg, 0.10 mmol), l-hydroxybenzotriazole (HOST, 
15mg, 0.10 mmol), and DMF (05 mL) or dichloromethane (0.5 mL) were added to the 

J bead peUet. Diisopropylethylamine (DIEA, 54 jU, 0.30 mmol) was added, and the 
suspension was vortexed for 1 min. The compound 4,9-dioxa-l,12-dodecanediamme 
(20 0.10 mmol) was then added, and the reaction was vortexed for 30 minutes. The 
reaction was then diluted with DMF (1 mL), the beads were peUeted, and the 
supernatant decanted. The pellet was treated with 9:1 DMF/water (1.0 mL) and 

5 vortexed for 15 minutes. The beads were then pelleted, the supernatant decanted, and 
the beads washed witiiDMF (3 x 1.0 mL). 

C Attarhin^ PepHHp and Ql ignniicleotidp Svnthpsis Unkers 

100 mg of the beads are treated witix a mixture of 4-Fmoc-aminobutyric 

0 add (0.1 mmol) and 4-p,p'-dimethoxytrityl (DMT)-hydroxybutyric acid (0.1 junol) in 
the presence of HBTU (0.1 mmol), HOBt (0.1 mmol), and DIEA (0.1 mmol) in 9:1 
CH2Cl2:DMF (1.0 mL). After vortex treatment for 30 minutes, the reaction mixture is 
diluted with DMF (1.0 mL), the beads peUeted, and the supernatant decanted. The 
beads are washed with DMF (3 x 1.0 mL). The coupling procedure is then repeated 

5 with fresh reagents, and the beads are peUeted and washed as described above. 

D. Rnilriin p a 3' PPR Priming ^ito nn the Hvdroxv Unkers 

The parallel assembly of oligonudeotide-tagged peptides on beads is 
iUustrated in Figure 8. A PGR priming site of 20-25 nudeotides is assembled as 

0 follows. Note that all reagents used are anhydrous, and reactions occur under an 
atmosphere of dry argon. About 10 mg of the beads are subjected to an eight-step 
reaction sequence to couple a protected phosphoramidite. The reaction steps are: (1) 
beads are washed for 05 minutes with acetonitrUe (MeCN); (2) DMT groups are 
removed with 3% tridiloroacetic add in CH2a2 for 15 minute; (3) beads are washed 

1 5 with MeCN for 3 minutes; (4) beads are treated with 0.1 M phosphoramidite (L H, m. 
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or IV) in MeCN contahung either 0.5 M (4.nitrophenyl) tetrazole or O'^ ^ P^um 
h;rochlorideandl.0Minudazolefor2nun.; :'r''n^,7^^7^S^f ' 
0 5 minutes • (6) beads are capped with a mixture of Ac20/2,6-lutidine/TIff (1.1.8) 
1W%DMAP; (7)beadsareaxidi.edwithlMtBuOHinCH.a2for0.8 
5 nunutes;and(8)beadsarewashedfor0.5minuteswithMeCN. Steps one throu^ 
^";repeatedfromoneto25timestoassembleaP^ 

nucleotides. 

E r- o»»l.ncr of Fr ^ A",iTin Acid to Aimnn lM<if.9X9 ' ; 

n ■ Peptide and nucleotide couplings may be alternated, as iUustrated m 

Figure 8 To couple an amino add (or peptide), the Fmoc group is first removed from 
^r^eaL by treaLent with 30% piperidine in DMF for 60 min. The beads a^^ 
fimps with DMF The beads are then treated with a solution containmg the 
p7: r"add(0.1M),H.mi(0.1M),HOBt(0.M)^I^^^^ 
5 cS2Cl2:DMFfor30min. The coupling is ti«n repeated with fresh reagents for a 
^t30min.andtl.beadsarewashedwithDMF(3x)andthenwithMeCN(3x). 

F r-^^cfrnrtioTi o f ^'^cf Oli^nnudpofide "Codon" , 

A "codon" of about 3 to 5 nucleotides uniquely representmg the identity 
. 0 of the first amino add is then buUt at the 5' end of the oligonudeotide chain usmg 
the 8-step coupling cycle in procedure (d) above. 

The methods of procedures (e) and (f) are then repeated usmg the 
25 appropriate amino add and nudeotide building blodcs until the desired peptide and 
the oUgonudeotide coding region are completdy assembled. 

H. r-^^c^ ,^»n of a s- pri? Priming Site 

The 8-step coupling cyde of procedure (d) is used to build a 20-2b 
30 nudeotide PGR priming site on the 5' terminus of the oligonudeotide diains. 

I r^^pr^forrinn of niit rnnurleotidp anfi Peptide Chains . 

The fully assembled peptide and oUgonudeotide duins are deprotected 
as follows. The amino-terminal Fmoc groups are removed by treatmerit with 3^ 
35 piperidineinDMFandthenawashwithTHFOx). To remove the aUyUc protedmg 
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groups, the beads are treated with a THF solutiorx containmg 
tris(dibenzyUdeneacetone) dipaliadium-chloroform complex (0.02 M), 
triphenylphosphine (0.2 M), and 1:1 n-butylamine /formic add (12 M) at 50°C for 30 
min. and the pelleted beads are washed with THF. The beads are washed with 0.1 M 
5 aqueous sodium N,N-diethyldithiocarbamate and then water to remove traces of 
palladium. The amino acid protecting groups are then removed by treatment with 
95:5 TFA/water for 30 min. "Scavenger" reagents such as U-ethanedithiol and 
thioanisole may also be included in this acidic deprotection medium (e.g., 2% of each 
by volume). Finally, the fully deprotected beads are washed with aqueous buffer and 
1 0 are ready for interaction with a biological receptor. 

EXAMPLE 4: LIBRARY PREPARATION AND SCREENING 

In this example, two populations of amine derivatized beads were 
labeled with oUgonudeotides possessing base sequences uniquely characteristic of 

1 5 each bead population. The population labeled with an oUgonudeotde 95 bases in 

length (95 mar) was subsequently coupled to the peptide YGGFL. The population of 
beads labeled with an oligonudeotide 110 bases in length (110 mer) was coupled to 
phenyalanine (F). The beads were then mixed in the ratio of twenty F/110 mer 
beads for each YGGFL/95 mer bead and stained with a fluorescently labeled antibody 

2 0 3E7 that binds the peptide YGGFL with high affinity. Individual fluorescently 

stained beads could then be sorted by FACS directly into PGR tubes. After PGR, 5 of 6 
fluoresently stained Beads gave rise to a fragment of ampUfied DNA 95 bp long. PGR 
of the remaining single bead gave rise to small DNA fragments, possibly being 
primer dimer. 

2 5 The oUgonudeotides used in this experiment are the two tags, two PGR 

primers, and one sequencing primer. The same PGR and sequendng primers were 
used for the two tags. The two tags differ in their sequence and length. Both tags 
were composed of the bases 7-deazaA, C, and T. 
The 95 mer tag has the sequence: 

30 rr A rrc act ^rr act GTA CTA TAA GG A CCC CTT GGT ATT CCA AAA TIA 
CAA Act tat etc aac tac ate tTA r AG TCA CTT ATT TTT ACA TGT AG (SEQ ID 
NO:8) 

The 110 mer tag has the sequence: 

rr A nC ACT Arr act CTA CTA TAA CG C TCG GGT ATT CCA AAA TTA GAT 
35 GGT ATT GGA AAA TTA GAA Act tat etc aac tac ate t T A GAG TCA GTC ATC TCT 
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''''^^^Z puxd>.ed fro. B^s's I-bora»d. (979 «Ceys»ne Way. 
Cazmd IN 46032) and aie composed of caiboxykted polystyrene (45 Mm . average 
11-= beads were subjected « diamine derivitodon by *e p«Kess . 

, ,,,„,^l.„„LoftNHaanavo«e^^^^^^ 
„^ The beads were peUeted, decanted, and washed widt ..>ree times (3x) «* ^ 
Tof «a« each wasi and tt,en washed 3x with 1.0 mL of DMF each wasl. To to 
rthed pane, was added 2-(lH-ben^«ia.ol-l^lH,W>».r,meftyl~ 

5 Tetkulphosphafe (HBIU; 38 mg, 0.1 m«,le). 

(HOOT; 15 mg, 0.1 mmole), 50O (iL of melhjtoe chlonde, and M (O- of 
l,pn>pyle^,i.mine (DIBA; 0.3 mmole). After vo«ex — 
of dliS (4.9^oxa-1.12-dodec.nedi.mine; 94 Mmole) 

tteatinent for 30 min. 1.0 mL of DMF was added, and fl>e beads were ff^^ 
■ 0 ^nSogation. The supernafan, was removed, and 1.0 mL of 10% w..» »^^ 
rs.did.Thebeads.werevo..«edan.ddi.ional«min..ndfmaUyw>shed3x 

with 1.0 mL of DMF each wash. 

B mt aonuden ^'^^ Attachment 
, 5 ' Two different target oUgonudeotides were employed m this 

experiment: a 95 mer and a 110 mer. These oUgonudeotides were c^nposed of the 
Sr^rdine,thymidine,and7-deazaadenosine. Theoligonudeot^deswe^^^ 

s^^led with a primary amino group on the S-t«minus (~ "o^^^^" 
XaenResearch). Lyophilized oUgonudeotide (600 pn^le) W^^^^ 
30 of0.5MNa-phosphate,pH77,andthesolutionwastreatedwxth1^0^^^^^^^ 

disucdnimydylsuberate (DSS). The reaction proceeded lOjmn., and pl^of 
ice-cold waUwere added. UnreadedDSS was removed by oentnfugai^on. T^^^^ 

s^p^lnt was passed throughaG25 spin column that had beeneq^^^ 
wL. The eluant was immediately frozen and lyophilized to isolate the 5 -N- 
35 hydroxysucdnamide ester of the oUgonudeotide. 
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This activated oligonucleotide was dissolved in 50 ML of 0.1 M Na- 
phosphate, pH 7.5, which contained 0.1 mg/mL of sonicated salmon sperm DNA. 
This solution was added to 10 mg of diamine derivitized beads. After vortex 
treatement for 3 hr., the beads were washed 2x with 0.4 mL of 0.1 M Na-phosphate, 
pH 7.5, each wash, and then washed 2x with 0.4 mL of 0.1 N NaOtt Finally, the 
beads were washed with 3x with 0.4 mL of pH 7.5 buffer. 

C PoptiHp Attachment 

To Boc-YGGFL or Boc-Phe (Boc = t-butoxy-carbonyl amine protecting 
group; 0.1 mmole) was added HBTU (0.1 mmole), HOBT (0.1 mmole), 1.0 mL of 10% 
DMF in methylene chloride, and DIEA (0.3 mmole). After vortex treatment to 
dissolve the soUds, 0.4 mL of the peptide solution was added to 3 mg of 
oiigonucleotide-labeled beads. The solution containing Boc-YGGFL was added to 
beads labeled with the 95 mer, and the solution containing Boc-Phe was added to 
beads labeled with the 110 mer. Hie reaction mixtures were vortexed 30 min. and 
then dUuted with DMF, centrifuged, decanted, and the bead pellets washed with 3x 
with 1.0 mL of THF. The Boc protecting groups were removed by treating the beads 
with 0.4 mL of 95% trifluoroacetic acid for 10 min. The deprotection reaction was 
then diluted with THF, centrifuged, and decanted, and the beads were washed with 
3x with 1.0 mL of DMF each wash. Finally, the beads were washed with 3x with 0.5 
mL of 0.1 M Na-phosphate, pH 7.5, each wash and stored as a slurry (10 mg/mL). 

D. Mixing. Stpining. and Sorting 

The beads coupled with the 95 mer and YGGFL were mixed with the 
beads that were coupled to the 110 mer and F in the ratio of 1:20. Thus, 0.1 mg of 95 
mer/YGGFL beads (2 million beads) were mbced with 2.0 mg of the 110 mer/Phe 
beads (40 milUon beads). The mbcture was suspended in blocking buffer (PBS, 1% 
BSA, and 0.05% Tween-20) and incubated at room temperature for 1 hr. The beads 
were next peUeted by centrifugation and resuspended in a solution of an FTIC- 
labeled monoclonal antibody 3E7 that binds the peptide YGGFL (1 Hg/mL). The 
suspension was incubated 0.5 hr on ice and then centrifuged to isolate the bead 
pellet. 

The beads were resuspended in PBS for deUvery into the fluorescence 
activated ceU sorting (FACS) instrument (Becton Dickinson FACSORT Plus). Beads 
that had bound to the fluorescently labeled antibody were identified by their 
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5 E. 



ToeadiPCRlubecontatatag a teadoi beads added 25 ^'^^ 
^ (20 ^ Tds^Cl, pH 8.7; 10 KO. XO mM O^^S^ ^J^^^"^ 

0 ^rr^irdr:^o/«-*.03^55.C^:n*.,and,.^ 
' Gdloadtogdye(2^L)wasaddedtolO^Lof eadiPCRandtesainple 

was on a^^^e>4 pit a,a«.e ge.. DNA ^ 
Tta^ wit eftidium bro-dde and exposure B OV Uf^t F»e of «x of the hU«i 
a — s'nsief.u.e^cen.beads^veHseBD^^'^^^^ 
length confirming that these beads were coupled to YGGFL and not ^. lu^ 

10 or foo fluorescent beads also gave rise to 95 mer ^^NA^^^e^^^ ^ 
Conversly, none of the tubes containing 1, 10. or 100 non-fluorescent beads gave nse 

nObpfromamplificationofthetagsofnoa^uorescentbeads. 
prrc^H^y^vearisenthroughtheuseofunptotect^ 

S^ Lmplef which may have aUowed *e free exocycHc ammes to ^up^ to^e F 
^ acid, thereby rendering the tag subject to anomalous ampbfacation. T^s 
,5 ^erw;uldnofhaveaffectedthe95mertagtothesameextent,becauseYGGFL 

would be less reactive with the exocydic amines than F. 

EXAMPLES: IIBRARY SYNTHESIS AND SCREENING 

This example is illustrated schematically in Figure 9. Briefly, a smgie 
30 populationofaminederivatizedbeads(preparedasdescribedinExam^^^ 

coupled to glycine. The population was then divided into two equal parte, ^d^ch 

ra^'llabJedwithacharacterisacoHgonudeotidet^^ 

L bead subpopulation. The subpopulation Aat had been labeled w th an 

oUgonudeotde 95 bases i-gth (..e^ "^Z^Z^^Z had been 
35 subsequently coupled to the peptide YGGFL. The population or 
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labeled with an oligonucleotide 110 bases in length (the 110 mer described in 
Example 4) was coupled to the peptide FLFLF. (SEQ ID NO:16) The beads were then 
mixed in tiie ratio of twenty FLFLF/110 mer beads for each YGGFL/95 mer bead (i.e., 
20:1) and stained with a fluorescentiy labeled antibody (SET) tbzt binds tiie peptide 
5 sequence YGGFL with high affinity. Individual fluorescentiy stained beads and 
unstained beads were sorted directiy into PCR tabes. Upon PGR, all the fluoresentiy 
stained beads gave rise to a fragment of amplified DNA 95 base pairs in length, and 
aU the unstained beads gave rise to a fragment 110 base pairs in length. 

10 A. Pp ptide Co tipHng Step #1 

To Fmoc-Gly (Fmoc = 9-fluorenylmethoxycarbonyl amine protecting 
group; 0.1 mmole) was added HBTU (0.1 mmole), HOBT (0.1 mmOie), 1.0 mL of 10% 
DMF in methylene chloride, and DIEA (0.3 mmole). After vortex treatinent to 
dissolve the solids, 0.4 mL of the solution containing tiie activated amino acid was 

1 5 added to 50 mg of diamine derivatized beads. The reaction mixture was vortexed 30 
min. and tiien diluted with DMF, centrifuged, decanted, and tiie bead peUet washed 
twice with 1.0 mL of DMF. The coupling reaction was titen repeated. The beads 
were then treated witii 1.0 mL of 30% piperidine in DMF witii vortexing for 1 hr. to 
deprotect the glycine amino group. 

20 

B. Qligonucb ptide Labeling 

Two different target oligonucleotides were employed in this 
experiment tiie 95 mer and 110 mer desaibed in Example 4. Half of tixe bead 
sample described above (25 mg) was labeled witti tiie 95 mer, and tiie ottier half was 

2 5 labeled with tiie 110 mer. These oUgonudeotides are composed of 2'-deoxy-cytidine, 

thymidine, and 2'.deoxy-7-deaza-adenosine. The oUgonudeotides were syntiiesized 
witti a primary amino group on tiie S'-terminus (MMT-C12-Aminomodifier, 
aonetech Laboratories, Inc.). Lyophilized oUgonudeotide (1.5 nmole) was dissolved 
in 10 nL of 0.5 M Na-phosphate, pH 7.7, and ttie solution was tiien treated witii 20 
30 ^L of 0.2 M disuccinimydylsuberate (DSS). The reaction proceeded 10 min., and 
ttien, 70 |iL of ice-cold water were added. Unreacted DSS was removed by 
cent^ifugation. The supernatant was passed tiirough a G-25 spin column ttiat had 
been equilibrated witii water. The eluant was immediately frozen and lyophilized 
to isolate tiie 5'-N-hydroxysucdnamide ester of tiie oUgonudeotide. This activated 

3 5 oUgonudeotide was dissolved in 100 uL of 0.1 M Na-phosphate, pH 73, whidi 
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25 ms of glyrmwoupled tods. Ate votttx Wament fot 3 to., fce 
MNNaOa Ftony,*.l«ads»e««a*«ltt«eBn«»w.fl.0.4mLofpH7.5 



buffer. 



0... ^o.e, was addM 

r^f in%DMF in methylene chloride, and DIEAlO.Ubmmoi^^ ^ 

J ^to^J^lids^tt. solution was dUuted «n-fold In 10% DM? in mathy^ 

An aUquo. of *is soluho. (0.345 n.L, was added » *e S^V^;^^ 
and oUgonudaohda-labdad beads (25 „g). The solu«m co« ""f^^J^'^ 
ILed ^ beads labeled witt> the 95 mer, and ^ solution contauung ^^^T 
^SMbeadslabeledrnththellOme,. The reaction ndxtures were vorte^ed^ 

^a>^Ldil«.edwi.hra^.cen..ift««l.<l-^.-*'^>-'*P^^^^^ 
^Un^s^WmLolTHF. The Boc protecting groups were renK^ed by 

treadni! the beads with 0.4 mL of 95% trifluoroacetic acid for 10 mm. the 

reaction was then diluted with THF, centnfuged, decanted, and .he 

tlZ^^ ttree times widx 1.0 mL of DMF. BnaUy, fte bea^ ZT ,^u 
^irtfo3mLofOAMNa.phc»pha.e,pH7.5,ar„.s«redas.sUTryC10mgW 

D Ti>fivinc r. Sty ^^^p, Sorting .^u 

The beads coupled to L 110 mer and FIfLF were *^ 
beads that were coupled to a« 95 mer a.dVGGFLin.he«^af20=l.B»0.1mg 

of95mer/VGGFLbeads(2millionb^)we.emixedwiA10^^toW 
^/FLFLF beads (40 miUionbeads). The mixture was suspended mhlodongtaHer 
(PBS 1% BSA, 0.05% Tweeo.20) and incubated at room temperature fot 1 hr. TO 

were n»t peUeted by centrihrgaHon and resuspended in a 
labeled monocloi^l antibody (3E7) that recognizes the peptuie se,uen« 
I^/tZ). The suspension was incubated 0^ hr. on Ice and ften centnfuged ,0 ^ 

"^'^e beads were resuspended In PBS for deUvery into the fluorescence 
activated cell sorting eFA(3) instrument (BectonDiddnson FA^h^ Beads 
th., had bound to the iluorescentty labeled antibody were rientrfurf by thea 
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acquired fluorescence (see Figure 10), and homogeneous samples of either 
fluorescent or non-fluorescent beads were isolated by sorting into FCR tubes. One, 
ten, or one hundred beads of each type were sorted into each PGR tube. 

E PTR of t^nrtpd Beads 

To each PGR tube containing a bead, or beads, was added 25 jiL of FCR 
mix (20 mM Tris-HQ, pH 8.7, 10 mM KCL, 10 mM (NH4)2S04, 2 mM MgCi2, 0.1% 
Triton X-100, 0.14 mg/mL BSA, 200 mM dATP, 200 mM dGTP, 200 |lM dCTP, 200 pM 
dTTP, 2 MM of each primer (as desaibed in Example 4), and 0.5 units of Sfu DNA 
polymerase). Reactions were subjected to 40 cycles of 95<^ for 0.5 min., 55°C for 1 
min., and 72°C for 1 min. Gel loading dye (2 nL) was added to 10 nL of each PGR and 
the sample run on a 2% low melting point agarose gel. DNA fragments were 
visualized by staining with ethidium bromide and exposure to UV light Six single 
bead samples, three 10 bead samples, and three 100 bead samples were amplified 
from both the fluorescent and non-fluorescent populations. All the bead samples 
from the flourescent population produced only DNA fragments 95 base pairs in 
length, and all the samples from the non-fluorescent population produced only 
fragments 110 base pairs in length (see Figure 11). 
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SEQUENCE LISTING 



(1) GENERMi INFOKMATION: 

APPLICANT: DOWER, WILLIAM J 
(1) Afir'i.iwu. 3^^^^ RONALD W 

GALLOP, MARK A 
NEEDELS, MICHAEL C 

nil TITI^ OF invention: METHOD OF SYHTHESIZING DIVERSE 

(ii, '••^'■collections op oligomers 

(iii) mJMBER OF sequences: 16 

fB) street: 1 MABKET PLAZA, STEUAKi t.vn^, 

(C) CITY: SAN FRANCISCO 

(D) state: CALIFORNIA. 

(E) COraiTRY: USA 

(F) ZIP: 94105 

fv) COMPOTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) computer: IBM PC compatible 

C) OPERATING SYSTEM: PC-DOS/MS-DOS . 
(D) software: Patentin Release #1.0, Version yi.-Ja 

fvi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 
^ (A) name: smith, William M. 

(B) REGISTRATION NUMBER: 3° '223 

(C) REFERENCE/DOCKET NUMBER: 11509-36-1 



(ix) TELECOMMUNICATION INFORMATION: 
^ (A) TELEPHONE: 415-543-9600 

(B) TELEFAX: 415-543-5043 
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(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE characteristics: 

(A) LENGTH: 111 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
CTTTCTTCCT CTCCCTCTTT TCTCCTCTCT TTTTTTCTCC TTCTTTTTTT CTCTCCCTCT 60 
CTCCTCTCTC CCCTTTCTCT CCTTTCCTCC TCTCCTCTCT CTCTTCTTTC C 



111 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 111 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
CTTTCTTCCT CTCCCTCTTT TCTCCTCTTC TTTTTTCTCC TTTCTTTTTT CTCTCCCTCT 
CTCCTCTCTC CCCTTTCTCT CCTTTCCTCC TCTCCTCTCT CTCTTCTTTC C 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQXJENCE CHARACTERISTICS: 

(A) LENGTH: 115 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CTTTCTTCCT CTCCCTCTTT TCTCCTCTTT CTTTTTCTCC TTTTCTTTTT CTCTCCCTCT 60 
CTCCTCTCTC TCTTCCTTTC CCCTCTCTCT CTCCTCTCCT CTCTCTCWC TTTCC 115 
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(2) INFORMATIOK FOR SEQ ID NO: 4: 

(i) SEQUENCE characteristics: 

(A) LENGTH: 115 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
C^TCTTCCT CTCCCTCTTT TCTCCTCTTC TTrTTTCTCC TTTOOT CTCTCCCTCT 60 
CTCCTCTCTC TCTTCCTTTC CCCTCTCTCT CTCCTCTCCT CTCTCTCTTC TTTCC 



(2) INFORMATION FOR SEQ ID NO: 5: 

fi) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE* DESCRIPTION: SEQ ID NO: St 
GGAAAGAAGA GAGAGAGGAG AGG 

(2) INFORMATION FOR SEQ ID N0:6i 

fi) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 
AGAGAGGGGA AAGGAAGA 
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(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE characteristics: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 

18 

AGGAAAGGAG AGAAAGGG 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 95 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
CCACTCACTA CCACTCTACT ATAACCACCC CTTCCTATTC CAAAATTACA AACTTATCTC 60 

95 

AACTACATCT CACACTCACT CATCTCTACA TCTAC 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 110 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
CCACTCACTA CCACTCTACT ATAACCCTCC CCTATTCCAA AATTACATCC TATTCCAAAA 60 
TTACAAACTT ATCTCAACTA CATCTCACAC TCACTCATCT CTACATCTAC "0 
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(2) lOTOBMATION FOR SEQ ID NO: 10: 

fil SEQUENCE characteristics: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(il) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Gly Gly Phe Leu 
1 



(2) INFORMATION FOR SEQ ID NO: 11: 

fii SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IDNOrll: 

pro Gly Phe Leu 
1 

(2) INFORMATION FOR SEQ ID NO: 12: 

(±\ SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Tyr Gly Gly Phe Leu 
1 ^ 
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(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Tyr Pro Gly Phe Leu 
1 5 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Pro Gly Gly Phe Leu 
1 5 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
( D ) TOPOLOGY : linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Pro Pro Gly Phe Leu 

1 5 
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(2) INFORMATION FOR SEQ ID NO:16: 

fi) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Phe Leu Phe Leu Phe 

1 5 
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10 



WP. CLAIM; 

1. A synthetic oUgomer library comprising a pluraUty of different 
members, each member comprising an oUgomer composed of a sequence of 
monomers linked to one or more identifier tags identifying the sequence of 
monomers in said oligomer. 

2. The Ubrary of daim I, wherein said linkage between said oUgomer 
and said identifier tag comprises a solid support 

3 The Ubrary of claim 2, wherein said linkage between said oUgomer 
and said identifier tag comprises a Unker between said identifier tag and said solid 
support and a Unker between said soUd support and said oligomer. 

,5 4 -n^e Ubrary of ddml, wherein said Unkage between said oUgomer 

and said identifier tag comprises a Unker between said oUgomer and said identifier 
tag. 

5 The Ubrary of daim 2, wherein said Unkage between said oUgomer 
20 and said identifier tag comprises a Unker joining said oUgomer and said identifier tag 

to which linker said soUd support is also jc»ned. 

6 The Ubrary of claim 1, wherein said Unker comprises a first bead 
linked to a second bead, wherein said oUgomer is attadied to the first bead and said 

2 5 identifier tag is attached to the second bead. 

7. The Ubrary of claim 1, wherein said identifier tag is attached to 
said oUgomer. 

gQ 8. The Ubrary of daim 1 that has about 106 different members. 

9. The Ubrary of daim 1, wherein said oUgomer is a peptide. 

10. The Ubrary of daim 1, wherein said identifier tag is a fluorescent 

3 5 marker. 
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11. The library of data l, wherein said identifier tag is an 
oligonucleotide. 

12 The library of daim 2, whereiiu 

g ' i) the library has greater than about 106 members; 

ii) the oUgomer is a peptide; and 

iU) the identifier tag is an oUgonudeotide. 

13 A synthetic oUgomer Ubrary produced by synthesizing on ea^f a 
1 0 oluraHtv of soHd suppo^ a single oUgomer sequence, said oUgomer sequence bemg 

^tfr^fereTsoUdsupports^whichUbraryissynthesizedmaproc^ 

comprisingthestepsof: ^^^^^^^ ^^^p,,^ ^mong a pluraUty of reaction 

^5 b) exposingsaidsupportsineadtreactionvesseltoafirst 

monomer; 

c) pooling said supports; . 

d) apportioning said supports among a pluraUty of reaction 

e) exposing said supports in eadi reaction vessel to a second 
monomer; and 3tep3 a) through e) f«,m at least one to tv^enty 



20 



times. 



14 AtaggedsyntheticoUgomerUbraryproducedbysynthesizingoa 
eadv of a pluraUty of soUd supports a single oUgomer sequence and one or more 
::^t^; '^gs idtifying said OUgomer sequence, said oUgomer sequence and 

identifier tags synthesized in a process «>«^P'^-S^^^;^ ^ ^ reaction 
a) apportioning said supports among a piurauiy ui 

30 vessels; exposing said supports in eadt reaction vessel to a first 

oUgomer monomer and to a first identifier tag; 

c) pooUng said supports; 

d) apportioning said supports among a pluraUty of reaction 

35 vessels; 
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e) exposing said supports to a second oligomer monomer and 

to a second identifier tag monomer; and 

f) repeating steps a) through e) from at least one to twenty 

times. 

5 

15. The Ubrary of daim 14, wherein said oUgomer sequence is a 
peptide, and said identifier tag is an oUgonudeotide. 

16. The library of daim 15, wherein said identifier tag cranprises 
1 0 purine analog bases. 

17. The Ubrary of daim 14, wherein said oUgomer is deaved from the 
soUd support after completion of oUgomer synthesis. 

15 18. A method of preparing a tagged synthetic oUgomer Ubrary 

comprising a pluraUty of different members, eadi member comprising a soUd support 
having attached a single oUgomer sequence and one or more identifier tags 
identifying said oUgomer sequence, said method comprising the steps of. 

a) apportioning said supports among a phiraUty of reaction 

20 vessels; , . _ ^ 

b) reacting said supports in each reaction vessel with a first 

oUgomer monomer; 

c) reacting said supports in each reaction vessel witii a first 

identifier tag; 
25 d) poolixtg said supports; 

e) apportioning said pooled supports among a pluiaUty of 

reaction vessels; 

f) reacting said pooled supports in each reaction vessel with a 

second oUgomer monomer; 
3 Q g) reacting said pooled supports in eadi reaction vessd witii a 

second identifier tag; and 

h) repeating steps a) through g) from at least one to twenty 

times. 

35 19. The method of daun 18 wherein said soUd supports in eadv 
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reacdon vessel are reacted first with said identifier tag aruitt^n with said oU^^ 
monomer. 

20 A solid support comprising a first partide attached to a se<x.nd 
particle, said first parfide linked to anoUgomer and said secondpartidel^^ 
oSnudeotide, aid wherein said oligomer is other than an ohgonudeot.de. 

21 A method of recording each step in a sequence of oUgomer 
n^onomer additions in the synthesis of an oUgomer Hbrary, the method cpmp^ 
monomer aa ^^j^^tion with the addition of eadi monomer, and 

;tt^g1u™Td.^ 

of identifier tags identifying said oUgomer sequence 

22. The method of dahn 21, wherein said identifier tag monomer is a 
1 5 fluorescent marker, 

23. The method of daim 21, wherein said identifier tag monomer is a 
nudeotide or oiigonudeotide. 

24. The method of daim 23, wherein said oUgomer monomer is an 
amino add, peptide, or combination thereof. 

25. The method of daim 24, ftarthercomprismgttie steps of 
axnplifying said identifier tag sequence, thereby forming an amphfied xdentfier tag, 

25 and sequendng said ampUfied identifier tag. 

26 The method of daim21,wherein after the addition of a first 
identifier tag, subsequent identifier tags are attaAed to the terminus of a preex^tmg 
tag. 

27. AmettvodofsynfliesizingapeptideandanoUgonudeotideona 

soUd support, said metiiod comprising: f:«*hmPof 
a) preparing a bifunctionalsoUd support contammg a first type of 

active sltebloiedwithafirst type ofprotecting group andasecond type of activesxte 
35 blodcedwitti a second type of proteding group; 
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b) reacting said soUd support with an activator tojemove said first 
type of protecting group thereby exposing said first type of active site; 

c) coupling an oligonucleotide monomer or an oUgonudeotide to 

said first type of active site; 

d) reacting said soUd support witi\ an activator to remove said 
second type of protecting group thereby exposing said second type of active site; 

e) coupling a peptide monomer or peptide to said second type of 

active site; and 

f) repeating steps (b)tiu:ough(e) from one to twenty tmties. 

28. The method of claim 27, wherein said soUd support comprises 
polystyrene/polydivinylbenzene/polymethyhnethacrylate CCX)H beads. 

29. The method of claim 27, wherein said bifunctional soUd support 
contains an amine active site and a hydroxyl active site. 

30. The metiiod of claim 27, where said bifunctional soUd support is 

produced by: 

(a) derivatizing polystyrene/polydivinylbenzene/ 
polymetiiyhnethacrylate COOH beads with a 4,9-dioxa-l,12-dodecanediamine linker; 

(b) treating said beads witii 4-Fmoc-aminobutyric add and 4-p,p'- 
dimethoxytrityl-hydrbxybutyric add in tfie presence of HBTU, HOBt and DIEA. 

31. The method of daim 27, wherdn said oligonudeotide is 
assembled using 3'-(allyl N,N'-diisopropyl-phosphoramidites) of 5'-DMT derivatives 
of: 

(a) N6-(allyloxy)carbonyl-7-deaza-2'deoxyadenosine; 

(b) N4-(allyloxy)carbonyl-2'deoxycytidine; 

(c) N2-(allyloxy)carbonyl-7-deaza-2'deoxyguanosine; and 

(d) thymidine. 

32. The method of daim 27, wheran said oUgonudeotide is 
assembled usmg photodiemicaUy removable protecting groups on said nudeotides. 



wo 93/06121 



PCr/US92/078l5 




SUBSTITUTE SHEET 



wo 93/06121 



PCT/US92/07815 



COUPLE MONOMER 
COUPLE STEP-SPECIFIC TAG 



COUPLE MONOMER 
COUPLE STEP-SPECIFIC TAG 




jleach 

27 OF 



FI6. 2. 
SUBSTTTUTE SHEET 



wo 93/06121 



PCr/US92/07815 



3/13 




O^SI- — ^NHj 



(ii) PIPERIDINE 



H 

(i) FroocN 



0 >o\ 0 



H 





J n 



F/a 3 J 

0 



B, -B^ ' 



En 



V 



Hlt*R 



OH 



i.e. 



0 

SUBSTITUTE SHEET 



wo 93/06121 



PCr/US92/07815 




FIG, 3.3 



SUBSTITUTE SHEET 



wo 93/06121 



PCr/US92/07815 




SUBSTITUTE SHEET 



wo 93/06121 



PCr/US92/07815 



6/13 

^ , (i) PIPERIDINE 
^wN/ AAi -Finoc - 

(ii) Fmoc-AA2-OH (99.9) 
W,,^^^ Fmoc-Cys(Npg5)-0H (0.1) 
Ml HOBt.BOP 

(iii) DH 

0 p 

0 

r T P 

[OLIGOjg^^^.^^'-^'^^AA, -AAg-frooc 
,P 




[OUGO] 



FIG. 5.5 



[OLIGO] 




[OLIGO] 



[OLIGO] 



[OLIGO] 



AA|" - AAn -Fmoc 



(i) THIOPHENOL. NEt3. DtOXANE 

(ii) TFA, CH2OI2 

(iii) ETHYLENEOIAMINE. ETHANOL. a 



AAi •■-AA, 




FIG, 3£ 



□ □1=11 I 5' 
3 4 5 6 7 



FI6. 4. 



SUBSTITUTE SHEET 



wo 93/06121 



PCT/US92/07815 



7/13 




SUBSTITUTE SHEET 



wo 93/06121 



PCr/US92/07815 



8/13 




SUBSnrUTE SHEET 



wo 93/06121 



9/13 



PCr/US92/07815 



CO2H 

H02C,r~,C02H 



HBTU. HOBt 
DIEA 



H2N(CH2)301CH2)401CH2)3NHC0 




HBTU. HOB 
DIEA 



H 

N— LINKER 



C0NH(CH2)30(CH2)40(CHo},NH 



Fmoc*N' 

H 

DMT- 



CO2H 
CO2H 




NKER- 



H 



'2'3""2 
(iOOO) 
(I) 

0-OMT 



F/a z 



SUBSTITUTE SHEET 



wo 93/06121 



PCr/US92/07815 



10/13 




-LINKER 




LINRER- 



H 



0 

IDDEPROTECT HYDROXYLS 
(2) BUILD 3' PCR SITE 



Fmoc-N (3 



UtTI o-dht 



(D OEPROTECT AMINES 
(2) COUPLE AA| 
13) DEPROTECT .HYDROXYLS 
(4) BUILD "CODONi" 



Fmoc-AA, S-SITE ICODi h O-DMT 



I REPEAT PEPTIDE AND NUCLEOTIDE COUPLINGS 



IDDEPROTECT HYDROXYLS 

(2) BUILD 5* PCR SITE 

(3) DEPROTECT OLIGO/PEPTIDE 



H2N-AA„ - -AAaAAi 




3- SITE ICODi ICOD2I— ICODn I 5' SITE hOH 



FIG. 8. 



SUBSTTTUTE SHEET 



wo 93/06121 



PCr/US92/07815 



11/13 




SUBSTITUTE SHEET 



wo 93/06121 



12/13 



PCT/US92/07815 




SUBSnrUTE SHEET 



wo 93/06121 



PCr/US92/078t5 



15/13 



12 3 4 5 6 7 8 9 10 l( 12 13 14 




i 2 3 4 5 € 7 8 9 10 ii 12 13 14 




I 2 3 4 5 6 7 8 9 10 II 12 



FIG, ilC. 




INTERNATIONAL SEARCH REPORT 



Intemattooal application No, 
PCTAJS92/07815 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(5) :C07H 21/00; C07K 1/04, 1/06, 5/10» 7/06; C12N 15/10, I5/U 
USCL :536/27; 435/91; 530/334, 335 . 

According to Intematioiial Patent Classification (IPC) or to both national dassification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system foUowed by classification symbols) 
U.S. : 536/27; 435/91; 530/334, 335 



Documentation searched other than minimum documentaUon to the extent that such documents are included in the fields searched 



Electronic data base consuUcd during the international search (name of data base and. where practicable, search terms used) 
Please See Extra Sheet. 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Y,P 
Y 



Citation of document, wth indication, where appropriate, of the relevant passages 



Proceedings of the National Academy of Sciences, USA, Vol. 81, issued July 1984. Geyscn 
ct al, "Use of peptide synthesis to probe viral antigens for epitopes to a resolution of a 
single amino acid", pages 3998-4002, see Abstract, 

Science, Vol. 251. issued 15 February 1991, Fodor, et al. -Light-directed, spatiaUy 
addressable parallel chemical synthesis*, pages 767-773, sec especially Figures 3 and 6. 

Nature, Vol. 354. issued 07 November 1991. Lam ct al, "A new synthetic peptide library 
for identifying ligand-binding activity", pages 82-84. see especially Figure 1. 

US, A, 4.713,326 (Dattagupto et al) 15 December 1987, see Abstract. 

US, A, 4.818,681 (Dattagupta) 04 April 1989, see especially columns 5 and 6. 



Relevant lo claim No. 



1-7, 9, 12-14. 18. !9. 
21.24. 26 



MO. 13, 17-19.21.22. 
24, 32 

MO. 13, 14. 17-19.21, 
22, 24 

20, 27-30 

20, 27-31 



[xj Further documents arc listed in the continuation of Box C. Q See patent famUy annex. 



Spcdal calcforka of cited documento: 

docameatdefmint the genetil ttttc of ihe ut which ii notcnBidend 
to be part of paniculir idevance 

earUer documem published oo or after the mteniMiaBa fiUng date 

docufflcai which may throw doubli on prioiiQ^ cluiii(i) or wUch ia 
cited to csubliab the publication date of another cilatioa or other 
^>ectal icuon (aa apecified) 

document refecring to an oral disclosure, use. exh2iition or other 



later document publiahed after the nlemaiional Tiling dale or pnoniy 
date tad mi incoofUa whb (he application but cited lo undcndandihe 
principle or iheoiy underpins the mveatioa 



dociuneat of paitkular relevance; the < 
cooaUcfed novel or c&nnot be ooaaideredto involve on tnvenuve aiep 
when the dftcum""* ta taken alone 



document of particular relevance; the claimed iavention cannot be 
cooiidered lo involve an inventive alep when the document 
combined with one or more other such doeumenu. such combination 
being obvioua la n penooakilled b the art 



document published pnor to the inlenttional filing date but later (hsa 
the priority date claimed ' 



oflhea 



family 



Date of the actual completion of the international seatch 
01 December 1992 



Dale of mailing of the international search rcj 




14DEG 



Name and mailing address of the ISA/ 
Commissioner of Patents and Trademarks 

Box per 

Washington, D.C. 20231 
Facsimile No, NOT APPUCABLE 



Authorized ofTicer 

DAVID SCHREIBER 
Telephone No. (703^ 308-0196 



Form PCT/lSA/210 (second sheel)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



(ntemational application No. 
pCT/US92m8l5 




Fonn PCT/ISA/210 (continualion of second shcct)(July 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US92/07815 



B. RELDS SEARCHED 

Electronic data bases consulted (Name of data base and where practicable terras used): 
CAS. MEDLINE. APS, BIOSIS. WORLD PATENT INDEX, 

search lenns: propyl phosporamidite, solid phase, peptide, oUgonucleotide. polynucleotide, polymerization, synthesis, 
random. scparaUon, purification, photochemical, protection, removal, dodecanediamine, linker, crosslink. FMOC, 
dimethoxytrityl. HBTU, HOBT, DIEA 



Form PCT/lSAmo (extra sheel)(July 1992)* 



